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SUMMARY

This report describes the work performed by Battelle Columbus

Division on a project that was part of the DARPA Adaptive-Suspension

Vehicle Program. The Battelle project consisted of two major tasks.

The first task involved the guidance of the adaptive-suspension vehicle;

the goal was to develop a computer system which would enable the vehicle

to traverse rough terrain. The second task concerned the design, fabrication,

and testing of a safety valve for the foot lift-circuit of the vehicle's

leg. Those two tasks are discussed separately in this report.

Guidance Task

Work on the guidance problem involved the development of a

computer system to determine vehicle trajectories and leg motions that

would enable the vehicle to traverse rough terrain. The system uses

the operator's requested vehicle velocities, information about the vehicle

state, and data from a terrain-scanning system in the determination

of those trajectories and leg motions.

The hardware on which the algorithms described above are implemented

comprises six boards communicating over an Intel Multibus. Three of

the boards, one board containing special-purpose circuitry and two Intel

iSBC 86/30 processor boards, receive data from the the terrain-scanning

system, convert them to elevation information, and then store that information

on a 512-kilobyte memory borad. The other two boards are two more Intel

iSBC 86/30 processor boards. One of them generates the vehicle deceleration

plans using the terrain elevation map stored on the memory board, as

well as information concerning the operator's velocity requests and

the vehicle state. That information is received from the sixth board,

which is responsible for communicaton with the vehicle control computers;

it receives the operator requests and vehicle state information and

transmits vehicle body and leg motion commands derived from the deceleration

plans.
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The approach used by the system's algorithms is to maintain

at all times a body trajectory and leg motion sequence by which the

vehicle can be brought to a halt in a position of static stability.

That is, at every point along its path, the vehicle has available a

plan for a vehicle trajectory that will bring it to a halt, together

with a sequence of leg motions that will allow it to follow that trajectory

and will leave it in a state of static stability at the end of the trajectory.

The maintenance of such a trajectory clearly places limits

on vehicle velocity over a given terrain. Thus, with this approach,

operator requests for vehicle velocities are not always met, although

the vehicle will follow those requests as closely as possible while

still maintaining vehicle safety. It can be seen that this approach

does not permit an inexperienced operator to get the vehicle in trouble,

but it still allows an experienced operator to use the full capabilities

of the vehicle.

Foot-Lift Safety Valve Task

This task was originally intended to include a revision of

the Battelle design of the foot-lift circuit to incorporate experimental

data. However, due to a change in the system requirements, a different

design was used and the Battelle design was never experimentally evaluated.

The original scope also included a review of the design from

a safety standpoint. This task was expanded to the design, fabrication,

and testing of safety valve for the foot-lift circuit. This safety

valve is intended as a last-resort mechanism for minimizing or eliminating

any potential for damage to either the operator or the vehicle itself.

The requirements for the design of the safety valve were

generated through discussions with OSU. Based on these requirements,

several conceptual approaches were generated and evaluated. After further

discussions with OSU personnel, an approach that involved electrically-

actuated explosive primer was selected. The valve was then designed

and fabricated at Battelle. Tests were then conducted to check the

strength and integrity of the design under pressure, as well as its

speed of response.



iii

FOREWARD

This research was supported by the Defense Advanced Research

Projects Agency, Washington, D.C., under Contract No. DAAEO7-83-C-R040.

Work was conducted in the period March 1983 through December 1983 by

personnel of the Battelle Columbus Laboratories. The principal investigators

were Mark R. Patterson of the Digital Systems and Technology Section

(guidance task) and John J. Reidy and Robert C. Rudolph of the Equipment

Development Section (actuation task).

The project engineers would like to acknowledge the cooperation

and assistance of the personnel at Ohio State University involved in

the development of the ASV-84 vehicle, in particular Professors Robert

McGhee and Kenneth Waldron. In addition, valuable guidance was provided

by Dr. Clinton Kelly, the DARPA Project Officer for this program.



1.0 INTRODUCTION

It has long been recognized that most man-made vehicles are

greatly inferior to human beings and other terrestrial animals in off-

road locomotion. The shortcomings of current vehicles are particularly

noticeable in the area of mobility. On rough terrain, a vehicle with

a passive suspension system must accomodate obstacles by gross body

motions. On the other hand, a system with active suspension units,

such as legs, can pick its way through rough terrain by selecting the

most suitable footholds and stepping over obstacles and soft spots.

In addition, a legged system can compensate for terrain irregularities

on which it must step by actively adjusting leg lengths, thus providing

a much smoother ride. This report describes work performed in this

project as part of a program to develop such a vehicle.

The first part of the report describes the development of

the vehicle "guidance" system, which uses information from a terrain-sensing

system in the determination of appropriate vehicle trajectories and

leg motions. The description of the guidance system has three main

sections. The first of those sections describes the vehicle and terrain-

sensing system with which the algorithms are intended to be used. The

second section presents a description of the algorithms used in the

system for conversion of the terrain scanner data to an elevation map

and for generation of plans for bringing the vehicle safely to a halt.

The last major section of the first portion of the report describes

the computer hardware on which the guidance algorithms are implemented.

In the experimental evaluation of the ASV, procedures will

be developed to minimize the potential for harm to the operator or damage

to the vehicle. As a back-up system, Battelle has designed, fabricated,

and tested a safety valve that will be activated in case of a major

system breakdown. This effort is described in the second portion of

this report.
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2.0 GUIDANCE SYSTEM RESEARCH

2.1 Introduction

This portion of this report discusses the development of a

computer system that determines the body and leg motions required for

a legged adaptive-suspension vehicle to walk over rough terrain. The

first section describes the vehicle and its terrain-sensing system.

The second section gives a description of the algorithms used in the

system for conversion of the terrain scanner data to an elevation map

and for generation of plans for vehicle body trajectories and leg motion

sequences. The hardware that is used to implement those algorithms

is described in the third section. Finally, some conclusions from this

research are presented at the end of this portion of the report.

2.2 Background

2.2.1 The Adaptive-Suspension Vehicle

The vehicle for which the guidance system has been developed

is approximately 15 feet (4.6 meters) long and 4 feet (1.2 meters) wide.

Its height can be varied between approximately 5 feet (1.5 meters) and

9 feet (2.7 meters) by changing the extension of its six three-degree-of-

freedom legs. The legs are attached at the top of the vehicle, with

one pair each near the front, middle, and rear of the vehicle.

The velocity of the vehicle is expected to be limited, at

least on the rough terrain for which the guidance system has been developed,

to a translational velocity of no more than 8 feet/second (2.4 meters/second)

and a rotational velocity of no more than 30 degrees/second. Translational

and rotational accelerations are expected to be limited to no more than

4 feet/second/second/ (1.2 meters/second/second) and 15 degrees/second/second,

respectively.
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2.2.2 The Terrain-Sensing System

The terrain-sensing system with which the guidance system

described in this report is intended to work is a scanning system mounted

at the front top of the vehicle. The system scans both in elevation

and azimuth, so, for each scan, it provides information for a sector

of terrain in front of the vehicle. For each point in its scan, the

sending system measures the distance from the scanner to the terrain

at its current elevation and azimuth angles.

2.3 Guidance System Algorithms

2.3.1 Overview

As mentioned above, the algorithms for the guidance system

perform two distinct tasks. One of those tasks is the conversion of

data from the terrain scanner to a terrain elevation map. The other

is the generation of vehicle body trajectories and leg motion sequences

using the elevation map, the operator's vehicle velocity requests, and

information concerning the vehicle's state. The algorithms that perform

those two tasks are described in the next two sections.

2.3.2 Elevation Map Algorithms

As described above, the terrain-sensing system provides, for

each of its scan points, information on the range to the terrain. Since

the scanner is fixed to the vehicle, when the vehicle is moving, each

of the scan-point range measurements is made from a different position.

Thus, the input from the scanning system to the guidance system consists

of scan-point range data indexed by elevation and azimuth angles and

measured with respect to the moving vehicle.

However, the form of terrain information most useful for the

vehicle guidance algorithms is that of elevations indexed by horizontal

positions. For that reason, when a range value is received from the
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scanner, the elevation map algorithms use the elevation and azimuth

angles of the range value, together with the known position and orientation

of the vehicle, to calculate the position in earth-fixed Cartesian co-

ordinates of the point indicated by the scanner.

The terrain point positions in Cartesian coordinates are then

stored in an array of elevation values divided into cells in a horizontal

plane. The algorithms first determine whether there is a cell present

in the array for the horizontal position of the terrain point. If so,

the elevation value for the point is stored in that cell; if not, a

cell is assigned to the horizontal position of the point for storage

of the elevation value. Since the terrain array is fixed in size, this

method requires that, as the vehicle moves, data storage "wrap around"

from one portion of the array to another. Thus, areas of the terrain

are automatically "forgotten" after the vehicle has passed some distance

beyond them.

2.3.3 Vehicle Guidance Algorithms

The function of the vehicle guidance algorithms is to determine

appropriate body and leg motion commands for the vehicle control system,

based on current operator requests. Those operator requests can be

for three components of vehicle velocity: forward, side (crab), and

turning (yaw). The guidance algorithms attempt to match the vehicle

velocity to the operator's requests as closely as possible; however,

as discussed below, thoserequests are not always attainable, due to

considerations of vehicle stability.

Since the three vehicle velocity components mentioned above

are usually the only ones which are of direct interest to the operator,

the vehicle guidance algorithms automatically control the vehicle eleva-

tion, pitch, and roll based on the terrain over which the vehicle is

passing. Then, once all six vehicle velocity components are specified,

the guidance algorithms determine the leg motions required to attain

those velocities while maintaining vehicle stability. The information

required by the guidance algorithms to provide these body and leg motion
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commands includes, in addition to the operator's requests and the terrain

elevation map described in the previous section, information concerning

the current vehicle body state (position and velocity) and the positions

and support states of the legs, as well as knowledge of the limitations

on vehicle velocity and acceleration and on leg motions.

The use of that information in the operation of the guidance

algorithms is discussed in the following three parts of this section.

The first part presents the general principles on which the algorithms

are based and describes the operation of the algorithms' highest level,

which determines how closely the vehicle can follow the operator's velocity

requests. The second part gives a description of the generation of

trajectories for the vehicle body, based on the operator's requests.

Finally, the last part describes the generation of sequences of leg

motions that allow the vehicle body to follow those trajectories.

2.3.3.1 Vehicle Guidance Algorithm Approach. Previous approaches

to the problem of legged vehicle locomotion have emphasized the concept

of static stability, the condition in which the vertical projection

of the vehicle's center of mass is within the convex polygon formed

by the vertical projections of those of the vehicle's feet that are

on the ground. Those earlier approaches have used as their goal in

vehicle control the maintenance of the vehicle in a state of static

stability at all times. This method of control has been possible because

vehicle dynamics have been relatively unimportant since vehicle speeds

have been quite low.

However, for a vehicle operating at higher speeds, maintenance

of static stability is not sufficient for vehicle security, since in

many cases the vehicle's motion could carry its center of mass outside

its support polygon. Thus, a faster vehicle requires some sort of dynamic

control of vehicle stability to ensure its safety. (Of course, for

those times when the vehicle is not moving, static stability is still

sufficient.)

The approach that is used by the system described in this

report is to maintain at all times a plan by which the vehicle could

be brought to a halt in a position of static stability. That is, at
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every point along its path, the vehicle has available a plan, for a vehicle

trajectory that would bring it to a halt, together with a sequence of

leg motions that would allow it to follow that trajectory and would

leave it in a state of static stability at the end of the trajectory.

The maintaining of such a trajectory clearly places limits

on vehicle velocity over a given terrain. Thus, with this approach,

operator requests for vehicle velocities are not always met, although

the vehicle follows those requests as closely as possible while still

maintaining vehicle safety. The task of determinig how closely the

vehicle can follow the operator's velocity requests is performed by

the highest level of the guidance system's algorithms.

The algorithms make that determination as shown in the flow

chart in Figure 1 (flow chart conventions for this report are given

in Appendix A). They first evaluate whether it is possible, for acceler-

ations that would allow the vehicle to attain the operator's current

velocity requests as soon as possible, to calculate a vehicle body trajectory

and leg motion sequence that would allow the vehicle to be brought to

a halt safely. If so, the body and leg motion commands to accelerate
the vehicle in the direction of the operator's requests are sent to

the vehicle control system. If not, the same attempt (to find a body

trajectory and leg motion sequence that would bring the vehicle safely

to a halt) is made for each of several successively smaller vehicle

accelerations in the direction of the operator's velocity requests.

If a body trajectory and leg motion sequence for halting are found for

any of those vehicle acceleration (compromise) selections, then the

comands to implement that selection are sent to the vehicle control

system.

If no part of the operator's velocity requests can be executed

safely, then the guidance system derives the commands for the vehicle

control system from the most recently generated body trajectory and
leg motion sequence. That is, since the operator is requesting that

the vehicle accelerate to unsafe velocities (unsafe because the vehicle

could not be brought safely to a halt if it were accelerated toward

those velocities), the guidance system must ignore the operator's requests

and derive its commands from a plan that it knows to be safe, the body
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trajectory and leg motion sequence that it previously determined would

bring the vehicle safely to a halt.

Thus, both the safety and the performance of the vehicle are

dependent on the guidance system's generation of apprbpriate body trajec-

tories and leg motion sequences for the vehicle. The next two sections

describe the methods which the system uses to generate those body trajec-

tories and leg motion sequences.

2.3.3.2 Vehicle Body Trajectory Generation. As mentioned

earlier, the vehicle's operator makes requests for forward, side, and

turning velocities for the vehicle. Thus, when the guidance system

algorithms attempt to generate a vehicle body trajectory, the vehicle's

desired forward, side, and turning accelerations are specified; as described

in the last section, they may be accelerations that would move the vehicle

most rapidly toward the operator's requested velocities or a smaller

acceleration "compromise" selection.

As shown in Figure 2 (again, see Appendix A for flow-chart

conventions), the algorithm generates the first portion of the vehicle

path over the terrain by assuming that the vehicle will accelerate at

the desired rates for the time that passes between successive iterations

of the guidance algorithms. The desired acceleration rates determine

three of the vehicle's degrees of freedom (horizontal position and yaw

angle) at discrete points on the first portion of its trajectory; the

acceleration rates are also used to calculate the times at which those

points on the trajectory are reached. The algorithm then uses the terrain

map to determine the elevation and slope of the terrain at the discrete

points along the calculated path. Then the algorithm uses the elevation

and slope information together with the desired vehicle altitude and

the desired relation of vehicle orientation to the terrain slope to

calculate the three remaining degrees of freedom (vehicle elevation,

pitch, and roll). Thus, the first portion of the body trajectory consists

of vehicle positions (specified by the six body degrees of freedom)

at given times for discrete points along the path determined by the

desire accelerations.
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The second and final portion of the vehicle body trajectory

is generated in a similar manner. The vehicle is assumed to decelerate

at its maximum rate while continuing on the same path that is was follow-

ing at the end of the first portion of the trajectory. The deceleration

rates are used to determine the vehicle's horizontal position and yaw

angle, together with the associated times, for points along the second

portion of the trajectory. The elevation map is then used in the calculation

of the other three degrees of freedom for those points on the trajectory.

If at any point in the generation of the first or second portion

of the body trajectory the algorithm cannot obtain sufficient data from

the terrain elevation map to determine the terrain elevation and slope,

the attempt at trajectory generation is aborted, which implies that

the vehicle cannot implement the desired accelerations. Otherwise,

when the trajectory generation is complete, the guidance system proceeds,

as described in the next section, to attempt to determine a leg motion

sequence which will enable the vehicle to follow the calculated trajectory.

2.3.3.3 Vehicle Leg Motion Sequence Generation. The approach

to the generation of vehicle leg motion sequences is shown in Figure

3 (see Appendix A for flow-chart conventions). The algorithm uses an

iterative approach that proceeds either until a leg motion sequence

is generated for the complete body trajectory (which brings the vehicle

to a halt) or until a point is reached at which no acceptable continuation

of the leg motion sequence can be found. The iterations of the algorithm

take place at the successive discrete points of the previously generated

vehicle body trajectory.

For each iteration of the algorithm, the first step is to

determine, using the already-generated portion of the leg motion sequence,

whether at that point in the body trajectory, if the motion sequence

were executed, any of the legs would be completing their transfers from

earlier footholds to new ones. If so, it is assumed that those legs

would be supporting the vehicle body at that point in its trajectory.

The vehicle's static stability is then calculated using the information

of the positions of the vehicle's legs that would be supporting its
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body at that point, together with the position of the vehicle body at

that point in the body trajectory. If the vehicle would be statically

unstable at that point, the generation of the leg motion sequence is

aborted; if the vehicle would be stable, the motion sequence is aborted;

if the vehicle would be stable, the motion sequence generation continues

as described in the following paragraphs.

The next step in the iteration is to calculate, for those

legs that would be supporting the vehicle, the legs' kinematic margins,

which are the distances along the body trajectory over which the vehicle

could move until the legs reach their kinematic limits. If any of the

legs would have a kinematic margin of less than zero at the point on

the trajectory that is being considered (that is, if any of the legs

would be out of its limits when the vehicle was at that position), then

the generation of the leg motion sequence is aborted.

Otherwise, the algorithm, beginning with the leg with the

lowest kinematic margin and continuing to that with the highest, determines

if any of the supporting legs could be moved. It does that by first

evaluating whether the legs could be lifted while leaving the vehicle

stable. If it could, the algorithm then attempts to find an appropriate

foothold to which the leg could be moved; if it finds an acceptable

foothold, it adds to the leg motion sequence the plan to move the leg

to that foothold. If no foothold is found, or if the algorithm determined

that the leg could not be lifted, the attempt to move a leg is terminated.

The procedure described in the proceeding paragraphs is performed

at each point along the vehicle body trajectory. If at any point along

the trajectory the procedure is aborted, the vehicle is not able to

implement the accelerations that were used to generate the body trajectory.

Otherwise, when the last iteration of the procedure at the last point

on the trajectory is performed successfully, the leg motion sequence

for the body trajectory is complete.
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2.4 Guidance System Hardware

2.4.1 Overview

A diagram of the overall structure of the guidance system

hardware and its internal and external communication channels is shown

in Figure 4. It can be seen there that for its external communication

the system receives information from the terrain-scanning system and

both sends information to and receives it from the vehicle control system.

As can also be seen in the figure, nearly all of the guidance system's

internal inter-board communication takes place over the Intel Multibus,

although in one case parallel data lines between boards are used.

Four of the six boards in the system are Intel iSBC 86/30

microprocessor boards, two of which contain an Intel 8087 numeric data

processor as well as the Intel 8086 processor with which the boards

are normally equipped. One of the other two boards in the system contains

special-purpose circuitry designed to receive the data from the terrain-

scanning system. The sixth board is a 512-kilobyte memory board in

which the terrain elevation map is stored.

As shown in Figure 4, the six boards can be divided into three

subsystems. One of the subsystems consists of a single processor which

performs the tasks required for the communication with the vehicle control

system. The other two subsystems perform the elevation map processing

and the vehicle guidance processing; they communicate only through the

terrain elevation map. The three subsystems are described in the following

three parts of this section.

2.4.2 Elevation Map Subsystem

The elevation map subsystem receives terrain range data from

the terrain scanner, converts those data to terrain elevations in Cartesian

coordinates, and then stores the elevations in a terrain elevation map.
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Two boards are used to perform the processing needed for the coordinate

conversion and storage of the data so that the calculations for each

range value can be performed very rapidly. However, even with the two

processor boards, the scanner sends data faster than the calaulations

can be performed, so a third board was designed and constructed to select

only a given portion of the scanner data to pass to the processor boards.

Thus, the elevation map subsystem consists of one special-purpose

circuit board and two Intel iSBC 86/30 processor boards. The operations

of the three boards are described in the following paragraphs.

2.4.2.1 Scanner Data Selection Circuit. The scanner data

selection board (the board layout and circuit diagram of which are shown

in Appendices B and C, respectively) receives over parallel lines from

the terrain-scanning system data consisting of the terrain range values

and the line numbers in the raster-style scan for those range values.

The board also has one memory location on the Multibus into which the

scanner data conversion processor can write a number from one to fifteen.

That number in the memory location is used by the circuit to determine

what proportion of the range data should be passed to the data conversion

processor: for the number n, every nth datum in every nth row of data

is passed to the conversion processor.

In operation, the board receives every range datum from the

scanner and then acknowledges that reception to the scanner. However,

until a number is written into the board's memory, none of the data

is passed on to the scanner data conversion processor. When a number

is written into the memory, the board begins its normal operation, in

which the data to be passed to the conversion processor are determined

as described in the preceding paragraph. Those data that are to be

passed are sent over parallel lines to the conversion processor board,

which is described in the next section.

2.4.2.2 Scanner Data Conversion Processor. The scanner data

conversion board, the computer program listings of which are shown in

Appendix D, receives the scanner range data over parallel lines, as

described in the preceding section. In addition, it receives frequent

information over the Multibus from the vehicle control communication
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board concerning the current position and orientation of the vehicle.

It uses that information as described in Section 2.3.2 to convert the

ýcanner range data to terrain elevations. It then sends those elevation

values over the Multibus to a buffer on the elevation map storage processor

board which is described in the next section.

2.4.2.3 Elevation Map Storage Processor. The elevation map

storage board, the program listings of which are shown in Appendix

E, contains a buffer into which the scanner data conversion board writes

terrain elevation values, as described in the preceding section. The

only task of the map storage board is to store the elevation values

at the proper locations (determined as described in Section 2.3.2) in

the elevation map memory board. The elevation map can then be used
by the vehicle guidance subsystem, which is described in the next section.

2.4.3 Vehicle Guidance Subsystem

The purpose of the single Itel iSBC 86-30 processor board

that comprises the vehicle guidance subsystem is to generate, with the

computer programs listed in Appendix F, the vehicle's body trajectories

and leg motion sequences. For that purpose, it receives, over the Multi bus
from the vehicle control communication board, information concerning

operator velocity requests, current vehicle body state (position and

velocity), and the positions and support states of the legs. The guidance

board uses that information, together with the elevation map on the

memory board, to generate the body trajectories and leg motion sequences
as described in Section 2.3.3. It stores the trajectories and motion

sequences in a buffer on the board itself, where the information in

them can be accessed by the vehicle control communication subsystem,

which is described in the next section.

2.4.4. Vehicle Control Communication Subsystem

The vehicle control communication subsystem, which consists

of one Intel iSBC 86/30 processor board using the programs listed in

Appendix G, is responsible for all communications between the guidance



17

system and the vehicle control system. The communication subsystem

periodically receives, over parallel lines from the vehicle control

system, the operator's vehicle velocity requests, the current vehicle

body state (position and velocity), and the positions and support states

of the vehicle's legs. It then passes all that information over the

Multibus to the guidance subsystem. In addition, the communication

board sends vehicle position information over the Multibus to the scanner

data conversion board; since, to provide accurate conversion of the

scanner data, the conversion board requires new vehicle position information

more frequently than it is provided by the vehicle control system, the

communication board interpolates between the vehicle positions provided

by the control system by asking the vehicle velocity information that

it also receives from the control system.

Finally, the communication board also provides the vehicle

body and leg motion commands to the vehicle control system. It derives

those commands from the body trajectories and leg motion sequences stored

in the buffer on the vehicle guidance board, and it sends the commands

over parallel data lines to the control system.

2.5 Conclusion

In summary, this portion of the report describes a computer

system developed to enable a legged vehicle to walk over rough terrain.

The system uses data from a terrain-scanning system, information from

the vehicle's control system, and knowledge of the vehicle's capabilities

and limitations to determine the body and leg motions required for

the vehicle's locomotion over the terrain. The system has been extensively

tested with the terrain scanner and with a breadboard version of the

vehicle control computer, and it will soon be installed in the vehicle

itself.
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3.0 FOOT-LIFT SAFETY VALVE RESEARCH

3.1 Background and Valve Operation

In the development of any complex system such as the ASV,

fail-safe measures must be incorporated into the system design to mini-

mize or eliminate the possibility of a catastrophic system failure,

i.e., one resulting in substantial damage to the machine or harm to

the operator. Such failures could result from failure of one or more

of the sensor systems, a computer malfunction, or unanticipated terrain.

These fail-safe mechanisms are primarily intended as a back-

up to the first two safety mechanisms:

1) Proper operation and maintenance of the ASV.

2) Experimental procedures designed to minimize any risk

to the machine or the operator.

3.2 Valve Operation

In discussion with program personnel at Ohio State University,

it was agreed that some type of fail-safe mechanism should be designed

into the hydraulic systems for the legs of the ASV. Two alternative

approaches were considered. The first approach involved a safety valve

that would connect the pressure side of the foot-lift circuit to the

return side, in parallel with the actuator. Both sides of the actuator

would, in effect, be connected together. As a result, there would be

no pressure differential across the actuator, and the actuator would

not support any load. The vehicle leg would, in effect, "go limp" and

the vehicle, driven by its own weight, would do a "belly flop". A res-

triction in the safety valve would provide some control to this dropping

action of the vehicle and would dissipate some of the vehicle's energy

before it hit the ground. However, this would also reduce the speed

of leg response.

A second approach was to install a similar safety valve that

would connect the pressure side with the return side in place of the
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actuator. In this approach, the vehicle legs are "frozen" in place.

This is accomplished by blocking off each end of the actuator, and pre-

venting the flow of fluid out of either end. Each leg will act like

a rigid structural member connected to the mainframe. This will prob-

ably result in a strong, jerking motion, and inertial forces may tend

to roll the vehicle.

In some situations, the "belly flop" approach was felt to

be the safest approach, while other situations seemed to require the

second alternative. To accomodate this double requirement, a system

was designed that was capable of providing either alternative. A sche-

matic representation of this system is shown in Figure 5. If only the

dump valve is actuated, the vehicle will drop. If both the dump and

the block valves are actuated, the vehicle legs will be locked up.

Operation of the walking machine is so complex that the op-

erator will ' not be able to react quickly enough to manually actuate

the valves. Therefore, the system was designed for operation by the

vehicle-computer through a established preprogrammed procedure. Depend-

ing on the circumstances, the computer may dump some of the legs and

keep others stiff to control where and how the machine falls. This

would be useful if it were necessary to avoid an object while falling.

Computer control could also be used to prevent the walking machine from

rolling over. The actual safety algorithms are to be developed by Ohio

State University at a future date.

3.3 Valve Design

The safety valve was required to handle the full output flow

of the pump (30 GPM). Since the hydrostatic circuit for each leg ac-

tuator is relatively short, the flow losses through the valve must be

minimized to control the temperature rise of the hydraulic fluid. Flow

losses through the valve were to be limited to approximately 30 psi.

Finally, the overall package was to be as small as possible to allow

it to fit into the leg assembly.
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Several different packaging alternatives were considered.

One option was to mount a single valve directly on the pump output ports.

A second option was to machine an internal valve in the crossover relief

valve on the pump. The third alternative was a separate valve block

with all three functions in it. The alternatives were evaluated, in

conjunction with OSU, and the third option, the separate valve block,

was selected.

3.3.1 Valve Actuation

Unless major problems with the system develop during test-

ing, the actuation of the safety valve will be very infrequent. How-

ever, when the valve does operate, it must do so with high reliability.

Solenoid-actuated devices were not felt to have sufficient reliability

for this application. On the other hand electrically-actuated explosive

device such as explosive bolts, have demonstrated high reliability,

even after being installed for weeks or months. The major drawback

with these devices is that they are not reuseable; a new one must be

installed after each use. Any explosive actuator chosen must therefore

be relatively inexpensive. Since explosive bolts cost in the range

of 100 dollars each., they were considered to be too expensive for this

application. A lower cost alternative, electrically-fired primers (Olin

BWP-8-4-257W) were found to offer high reliability at a reasonable cost.

These devices could easily be adapted to actuate the safety valve with

a simple spring-activation technique.

3.3.2 Valve Design

The valve layout can be seen in Figure 6, a photograph of

the valve. The valve body has three parallel spools running completely

through the valve body. The center spool is the dump section and the

two outside spools are the block sections of the valve. The three ex-

plosive cavities are at one end of the valve spool (bottom of picture)

and their bolt-on flanges are shown. At the other end of the valve
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FIGURE 6. SAFETY VALVE
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(top of photo), there is a hex plug which contains the compression spring.

Access can be gained to the spool through either end of the valve.

The side of the valve contains the hydraulic connection ports. The

ports are sized for a SAE-1O straight threaded connection. The connections

shown on the left are for a pump-to-actuator port connection. The right

side would be the same except that the pump and actuator ports would

be switched. The electrical connections are the thin wires visible

underneath the explosive cavities. Only one common ground connection

is necessary for all three explosive housings.

3.3.3 Operating Pressure

In the current system concept, the leg actuator system pres-

sure will range from a minimum of 150 psi to a maximum of 4000 psi.

During normal operation the pressure will be considerably less than

the maximum ( -400-500 psi). However, pressure transients may occur

which result in pressure spikes higher than the 4000 psi maximum. Since

the seal on the sliding spool shaft must be capable of handling this

pressure without extruding, back-up rings were placed on both sides

of the seal.

3.3.4 Operating Time

The valve was also required to have a quick operating time

so that the safety procedure could be actuated with enough time to be

effective. OSU estimated that the required time of operation was 50

milliseconds (msec) for complete shifting, once the electrical signal

had been applied. This required the use of a stiff spring to accelerate

the spool fast enough. It also required that the explosive primer op-

erate quickly. (The published time for primer operation is less than

2 msec.)
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3.3.5 Spool Clearance

In order for the safety valve to operate with high reliability

it is necessary to ensure that the valve spool shifts. The major cause

of spool hang-up is radial forces applied to the spool due to uneven

pressure distribution. These radial forces cause friction between the

valve wall and the spool preventing the spool from moving. The primary

way to avoid these forces is to eliminate any pressure drops acting

on on the side of the spool. To accomplish this, the counterbores around

the ports were designed as large as possible so that the pressure around

the spool is equal in all radial directions. Equal pressure around

the spool avoids any radial forces caused by fluid flow.

Although it is important that there be enough valve body/spool

clearance to allow free movement of the spool, the larger the clear-

ance, the greater the valve leakage. The leakage rate must be minimized

to assure proper system performance. The leakage rate of the spool

can be determined by the equation:

Q =irr c 3 (P 1 - P2)/21L

where

Q = valve leakage rate

c = clearance

r = radial bore

S= viscosity

P1 - 2 = pressure drop across the spool

L = length of spool land

This is the average rate of flow lost through the dumping

section of the safety valve during normal operation. It is small enough

to assure proper system performance.

Once the valve has been actuated (in the "locked leg" mode),

fluid will leak across the block valves. Since these valves will normal-

ly not see a 4000 psi pressure differential across them, the leakage

rate will be less than 0.091 GPM. As the blocking valves leak, the

legs will slowly creep and the vehicle body will drop. However, the

rate will be quite slow under these circumstances and is considered

acceptable.
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The forces acting along the axis of the spool control the

shifting of the valve spool. In order to shift the spool, there must

be a net force in the direction of shifting. The valve is designed

so that a force due to an area differential in the spool will act in

conjunction with a spring to shift the spool. Opposing this movement

is spool-wall friction, rod-seal friction and flow losses moving fluid

through the spool. Calculation of these forces (Appendix H) indicates

that, even under high pressures, the net force is always positive in

the shifting direction.

3.4 Valve Operation

Under normal operation of the valve, fluid from the pump enters

the valve port and passes through four 1/2-inch holes in one of the

outside spools (depending on the direction of operation). The fluid

then flows axially along the 3/4-inch diameter bore in the center of

the spool. At the other end of the spool, the fluid exits through a

second set of ½-inch diameter holes. (For purposes of calculation,

then, the valve may be treated as two orifice valves, each with four

1/2-inch diameter holes and a section of 3/4-inch diameter pipe approxi-

mately 4 inches long.) The return flow passes through the other outside

spool in a similar manner. The center spool normally is blocked (the

offset holes in the center spool are covered by the valve body lands)

so that no flow passes through it.

To activate the valve, a electrical signal from the computer/

electronics system is applied to the explosive actuator. A signal pulse

of 24 volt D.C. at the actuator of at least 2 msec in duration is required.

Voltage drops from the power source to the valve are not included in

this value. The electrical connection to the valve is through three

22 gauge wires. The valve body is grounded to the leg frame for the

other electrical connection.

Once the electricalsignal is given to the valve, the explo-

sive actuator will detonate. Gases produced by the explosion are con-

tained in the ceramic tube, where they build up pressure, rupturing
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the tube. The ceramic tube is completely destroyed by the explosion,

freeing the spring to push the spool to its offset position. As each

of the outside block spools shifts, the radial holes in it are covered

by the valve body lands, and flow is shut off. The spool, when complete-

ly shifted, has moved 5/8 inch. The length of the spring has been de-

signed to ensure that there is spring pressure holding the spool in

the shifted position. The operation of the center dump spool is iden-

tical except that the radial holes go from a covered to an uncovered

land position, allowing flow.

3.5 Valve Refurbishment

The valve body contains an explosive cavity that was designed

for two purposes: to contain the fragments from the explosion and to

facilitate the installation of the next primer assembly. The tube around

the primer assembly contains the metal and ceramic fragments produced

during the explosive activation. Clearance with the outside tube is

sufficient to allow the escape of the explosion gases. The explosion

cavity and washers also serve to align the primer and ceramic tube so

that the compressive force is transmitted directly down the spool axis.

The outer casing around the explosion cavity provides a guide when push-

ing the assembly to its closed position.

To install the new explosive assembly after a valve actuation

the following procedures are followed: take off the explosive housing

by removing the four bolts. The brass plug, brass tube holder and old

explosive should be removed. Remove the old ceramic tube fragments

from the explosive cavity. To make up the next explosive assembly,

take the brass plug and the ceramic tube and glue them together so that

the ceramic tube is blocked on one end and is centered on the plug.

Next, remove the old explosive from its centering ring and replace it

with a new explosive. Place the brass tube holder over the explosive

and make sure the explosive (red color) can be seen through the ceramic

tube holder. Place the ceramic tube holder and explosive into the ex-

plosive cavity and feed the wire out through the hole provided for it.
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The bottom of the explosive should touch the bottom of the explosive

cavity. Next, place the ceramic tube/brass plug into the ceramic tube

holder. The brass plug should sit flush with the end of the explosive

cavity.

The explosive cavity is now ready for reinstallation. Place

the explosive cavity over the end of the spool shaft. The brass plug

should be centered on the spool shaft. The system pressure must be

relieved before reinstallation or the spool shaft will be hard to move.

Push on the explosion cavity slowly until the explosion cavity flanges

meet and then reinstall the four bolts. The electrical connection must

be completed before the valve is ready to fire.

3.6 Testing

The testing of the valve was done to confirm its operational
characteristics. The test was performed using a hydraulic power supply

with a 5 GPM output and a maximum of 3200 psi. After operational tests

the unit was tested to 4000 psi to check for leakage.

Testing showed that there was no leakage found with the power
unit under a static 3200 psi pressure. In addition the spools were

shifted manually under pressure to see if the seals would work dynamic-

ally and still no leakage was found. Even after explosive actuation

with quick seal movement there was no leakage. There was no sign of

seal extrusion when checked after testing.

In order to measure the pressure drop through the valve block

section when there is free flow (un-actuated), the pressures above and

below the valve were measured. These pressures were 76 and 72 psi respec-

tively. There is also a tube fitting restriction to be accounted for,

which produces, according to calculation, over 3 psi in pressure drop.

Therefore, at a 5-GPM flow rate, the valve's pressure drop is less than

1 psi. Because pressure drop increases by the square of the flow, then

at a 30-GPM flow the pressure drop would be less than 36 psi.

The operational test consisted of measuring the shifting time
of the valve spools. The blocking valve was tested by allowing a flow

through the valve and applying a downstream pressure with a restric-
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tion. The pressure was measured using a pressure transducer located

on the downstream side of the valve. When the blocking valve was trig-

gered, it shifted, shutting off flow to the restriction. The loss of

flow will cause the pressure to drop at the pressure transducer. The

pressure vs. time and the trigger pulse vs. time were measured for sev-

eral different pressures. The shift time is the difference between

the trigger pulse and when the pressure reads zero. Refer to Figure

7 for the hydraulic schematic of the test set-up.

The results of two trials on the blocking valve are shown

in Figure 8. The traces show that the valve has a shifting time of

less than 12 msec. It is difficult to determine from the trigger pulse

trace where the explosive primer actuates. However, it seems from the

trace of pressure that the spool itself takes only about 3 msec to shift

once it starts. The explosive actuator in the trial was actuated by

a 6 V.D.C. battery. Using a high voltage source such as 24 V.D.C.,

could actuate the explosive quicker and hence shorten the total valve

shifting time. The trigger pulse also shows voltage "bounce" which

is probably caused by mechanical vibrations in the triggering switch.

Eliminating this bounce could shorten the shifting time.
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FLOW CHART CONVENTIONS

The purpose of this appendix is to describe the conventions

used in the flow charts (Figures 1, 2, and 3) in this report, where

those conventions differ from those commonly used in flow charts.

The charts consist basically of vertical sequences of blocks,

with control passing sequentially down through the sequences. However,

interspersed in those sequences are decision (hexagonal) blocks, which

require the execution of subsequences of blocks located to the right

of the decision blocks. When the bottom of a vertical sequence of blocks

is reached, control returns to the decision block from which that se-

quence began.

As to the decision blocks themselves, when the condition in

the block is described by a FOR, WHILE, or UNTIL phrase, the subsequence

to the right is executed, respectively, FOR the conditions stated, WHILE

the condition stated is true, or UNTIL the condition stated is true.

If the decision block contains an IF phrase, the subsequence indicated

by the arrow exiting from the upper right of the block is executed IF

the condition is true. If there is a subsequence indicated by an arrow

exiting from the lower right of the block, that subsequence is executed

IF the condition is false.

Finally, rectangular blocks bounded by thick lines indicate

sequences described by other flow charts.



APPENDIX B

SCANNER DATA SELECTION BOARD LAYOUT

The following page shows the component layout of the scanner

data selection board. (Component definitions and schematic are given

in Appendix C.)
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APPENDIX C

SCANNER DATA SELECTION BOARD SCHEMATIC

The following three pages give a schematic diagram of the

scanner data selection board. (The component layout for the board is

shown in Appendix B.)
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APPENDIX D

SCANNER DATA CONVERSION BOARD PROGRAM LISTING



MODULE SCcinrerRange~ataConversion;

PROGRAM ScannerRanqeDataConversion (input, Uutput);

Pi = 3.14A1592b54;

keallinteger = 63;
Reai~lntegerPlusl 64;

SetJfbits =SET OF t6its;

Eyte

CASt Integer UF
0: LCtbrctr: Char);
1; (BitSet: Settjffits)

'iwoCharintezger

CASr- Integjer uF
0: (LoCnar,

HiCnar: Ctiar);
1: (JI'tVal: Integer)

L.1riitVectorCoiT'pI nteqerindexedArray
ARRAY [-Reals integerPlusi *.ReaUinteger) OFP Integer;

Crd =C(, Y, Z);

lran~s',atrixlnteqer
R LC JR L.

Rotat: ARkA'1 LCrd] 0iý ARRAf i.CrdJ Ok Integer;
'Irans: ARtkAf tCrd) ut integer

?-I 'U L;

i'oolean~tr
R 1-: C f jR

CASL. integer OF
.0: (ADS~adr: oBoolean);
1; (CttAdor,

SegAdar: Integer)
E ý4P

IntegerPtr

(CA~r- integer OF
0: LADSAdor: lýntegel.);
1: (CffAdor,

SeqAdor: Integer)
E rý[

tJni tVectcrCorrp Integer IndexedArrayPt r



C.ASt integier )F,

1: (LUttAdar,
SegAoajr: 1 woCnar Intecqer j

E '4 D ;

dros I 2Coiy m-,uf ter

ScnnriouArtrlrrarisAatrjx: -rraiI5N.atrixlriteyer;
Newv~ata: ib001ean

tjrdsl2CofrTni~utterPtr rdS2uftuer

rords I2Corrtu'ifierPt~rPtr

CJSL. inte'4er 6F
0: I.AUSAdcir: -brdsl2COIrr,,b~tterPtr);

SegAoor: Integer)

v A P

brd2lo~perat lonPtr: tjooledflPtr;
!Hrasl1 Corriilnptý,jt rrPtrj-ro r~roraPtr,
oi r a s I e C. o 'rr.iI la I c u f f P r P t r e r o IT. c r a .2 P t r ,
o r ds 12 C om .. 0t pt 8 af t er P tr er o aor d zPtr ,
týr ds 12 2Cor ~n~ InptH u t te r P Lr rro r.o r,:4j P tr,
dro r 1 ~Coarr n I al1e B ti ftfer P t r F r o n; i ro iptr

drosliCanm-ýt~ptHufterP~rr'roii.jrai Ptr: brdsi2CoiTrrif-utferptrF~tr;
tirab I 2CoIT11TenLf ierl-tEr: 6rus 1 ,Comnrbut Ler ýtr

t3 ro a s 12C 0ar. :- bI a e r uf te r o ui s y r* r o no ro 1 d -rI eanP t r,

rort.CDyte: nyte;
t~a~geta~nvrsin'fL'pin ,ioolear~;

kangeo'ata~onvers~ainn*'rocess: Ioaolean;
ScarlLiner~uroer: 'fwoCharinteger;
ý-revScar-Lineiguur7oer:, Integer;
iiext-ccanLlne?'umver: Two~riarinteger;
ScanPol ntd4ioier: fmoCnarinteoer;
ý,anljei'&LU1'.: 'I*oCharinteger;
,ýcannert~osA,
Scanflere9csi,
Scannert-osZ: Integer;
6canPL['ispX~2!COsPro-j~act,
Scar il'srYC1CosF'rojVact-,
S ca nPt L 1sp Zz~ 1Co sPr a c t,
6canPt1,,spXtlt15nProuo act,
ScarnPtCFisý YL1SinProdFact,
ScanP L) lspZLlSinPro6F act,
Scan Pt s PX AZ Cas ProouFact'
ScanPtl~SpAZCOS~roGracL,
ScanPt~is4MzACosProut'aCL,
ScanPtIf-sPXAzSinProuo act,
~ScanPLI2iSpl~AZ~inProlP'act,
ScanPtI is4.AZSI nProu act.: I.nteuer;
t1Cosp-rodArrayPtr,
EISi?'ProckrrayPtr,
AzCosprociArray'Ptr,



AZSinI.rod;ArrayPtr,,
5caniPt~lsj.4rray~tr:
Unit'V ectcrCor~p~Inteaer inaexed~r rayPt r;
8canP tPosuatuii,8ufterE il1 Ptr,,
ScaniPLPoso.aturnBufteri ullUnBra3"'tr: iioolear-Ptr;
S caP tPos XP tr,
Scan~tPosYPtr,
6carnPtPosz.Ptr: lntegerPtr;
ScanPtPosX,
Scan Pt Pos l,
5carPt~osi: Integer;
PrevI~angei~ataArray: AkI.Al 1O,.sj5II U 16te~er;
ScanPoirt.iumberNatnqeUataAcceptdble: ARkAx LU,.31J CF H-oolean;
Array.Lraix1,
iArraiyin~ex2; Integer;
Arraylr-,dex2liwoCnar: 'lwoCriar integer;
Crdlnoex,
Crc incexi,
Cradr'oex2: Crd;

BEi~G Ij

Dij 5b le interr upts;

broiln)UperationPtr. Seq~dqr b3 U

mro2InC4perationPtr. OtfA&.,r Q= ;

dro,21nLuperatlonPtr, AbSAdoro r alse;

brdis12Corr;ibilehufferbusyE rombrd2e'tr. SeqAoor ::81ký9;
brsý niIal~feSu Friir wr OL±Aicor : I;
orsioi~lb;fruyrririor 6SegyMor 61Lv;
6rcs12Corr'.1d~jeLiufterbujsyFrorn~roi~tr * Utt±Aiur := ;

f~rasl2Cofin.1daer.'ufter~iiisyf rQT.Bro~frtr, AoSAadr" ý=ajse;

k~roslzCon'fotptbufterPtrfron,,rard2Lr, ,SegAour b: 1 8 b
brjl~n,,rpýufe~rriir2r UiftAuar~r
bras I2Con v~uleti'uf ferPtr~'roi.Jtrd2PLr , SeqAcidr 61818;
brdis12Con.,;;1aetiufferPtre'rond,,rn2Ptr. Of fAoo-r 4
brs14 n-iptuff rPr of6otý Seq~oor ;:1 dbI;
Brasl2Corn,,Inpt~fterPtrFronxjra2Ptrr LftAutir 1)
brosliCupr mCtpteautferPtrir~ont,ru1 ~r. SeqAUdr ;= lil7;
bras 1 2Corr;,&LtptLsuf ferPtrfroritdralPt r * LltfAaor d:
bros12ConrldietufferPtrI~ron-trd1Pt~r, SeqAodr L ,167;
bra~s lCorrni- lme~uf ferPtrFrondralPtr. r Uf fAaijr q ;
5rdslkCorr'.-lnp-tf~erPtrr romrnroiPLr, SeAoc~r b bIc ~7;
bras l2Cun 1 InptbufterPr-rE ronjroli'tr. Uf fAoor ;:

iScariPtPosoatumrtufterFu11Ptr. SeJkkoar b1l1.;
ScaPtPosuatuinbiutferhu11Ptr, Utf~dor 3= ;

Scar ~tPosi atub~.ufferFu11Crribr63Ptr, SeqAdar 3 -6,345;
S.CanPtPOSL~atu(¾butterFu11L~nvro3Ptr * UffAaar =:

ScdnPtPosAi-tr. 6e.jAddr 3=-bl4b;
S5car-ietP-OSAItr. uftAdor 2

ScanPtPosiPtr. begjAodr 3-b145;
bcanPtPosii&tr. OffAa3dr -1;



SCanPtPoSZPtr. 5egAodr :- .a4 5 ;

ScarnPtPosi.ptr. UffA...ir b;

Uutoyt (OCFfl, Cnr (OFitli));

E.lCosProdArrayPtr. SegAddr. IntVdl : 2J37;
ElCoSe-rod~rrayPtr. JffAo6r# L~oCr'ldr :=Cnr (uOuH);
EiSinProoArrayPtr. beyAaor, Int~'o : 2549;
Ei~inPrcoArrayPtr. iftAccr. LoCr)dr :~Cnr t~vuI)H);

AzCusProoArrayPtr. begAaar. Intvdl : 3Qbi;
AzCosProdArrayPLr. OftAaor. L~oCh~r :C Cnx (0JOH);
AzSitnProa~krrayPtr. Se.Aaodr, IntvdI. 3573;
Azbintjrý,cirrayPtr. OffAcar, LoCrar :Cnr tLvH'-);

ScarjPtUdispjArrayPtr. SegAcar. Intval :~ 4 ub5;
SCanPtLilSiArraYktr. UfiAciar. LoCtiar :~Cnr (oouri);

ScanLine~jonuer, HiCnar := Cnr (Ouoh);
Rasnaeu~atur,,,. HiCnar := Chr (000hi);

Ran)ei)etalý-orverston~iokiegin := Faise;
tiangebaat.CCnversioninProcess := k alse;

Prev~carLine~quwr'er := -1;

tm:-lIL Lbrd2] n~perit~iorn'tr. Abskadrý;

*riteLn (~'oara 2 is in operation.');

Outbyt ( iCnr (8));

v~hlI,h irue tAD

Pre v~carifLinef~urn-Ler *;= ScanLine-qun~uer, lritval;

.Inbyt (OCCH, PortCbyte. Cnrctr)

UATIL (FcrtCF~yte. tiitSet * Loiti)) <> LU;

Iraiyt (CdCH, Scaniine,.Lrrrer, LuChar);

ScanLinekurTuer. Intval := (2b5 - 6canbinreivurrber. ilrt~al) tjIV 8;

Ilrvyt (vCAtI, IanaeDatur~o iOCtiarj;

It i angeI~ataConversionToheg in
I riEi
ScarPL~ir~t,-uaer. IntVal := Scaripoiptrfiurtter, IntVal +~ 1;

ir m~iar-aeE~ataConver sionInProcesb
'iH E:.-

IF ScanPointNURnOer. ln~tval u



IF ,)CdVneivoemTc~er. In~tVaI <> 1ýextScanLineur~urber.lntval

.LE ,cdnLi~neiunt,er. [ntVal=w

ScrPlnNubrtagbt~citrl LbcanFointi~umToer. IntVa1J : True
EL S1

It' OC itoirlt'dumr-eri~angeuataicceptaole LScanfFoiflt-umnre. Int VRI
T Hi F
,ScanPoii~titIurnrer Naiige -PtaAcceit,caole EbcdrnPointi.uuiber. .lytv].i4. := N~OT
((RarlyeLlaLUrn. Intval - t'revr~dr1,.evdatArray (6car Poinlt r. utpuer ,1ritVaI]) <
- Ib )

PrevPyet>eoatat~rray LScanPolnLt,.urrber. IntVali := F~ancjpLý,tum. Ir~tVaI;

le, scart-omntk'4umuerk~anQei~ata~cceptaulie [LScdnI~ointi~umber, IntVaIi

AzCusýIroO~rrayPtr. uffAdar. HiCnar :~ScanPulntjqu;bter, ijoCriar;

Az~ir~rodArrayPtr, ufrAaar. HiCnar :ScanPoint',um-ner. LjoCPhir.

ScanPtLuispArrdyPtr. LýftAdar. HICnar H=tanqeLaituu. LoCt~ar;

*ScatitPOSAk := ScannerPosx Salt~~~rytMsdr
AzC~~silrooArrayPtr * AosAaar'l LbcanPLUlspXAzCoSProrj actj +
Az~ir~rouArrayPtr, AosAacrO [ScanPtDispAAZSinl~roaiactJ);

6caniptPosi := 5catrrerPosY + ScarlPt~ispArrayPtr, AvSAdcjrý L
ALCos~'ronIrrayI'ti. AosAddrft L.ScanPt;)lspfAZCoSProd1IactJ +
AzSltr'trodsrrayPtr. ,AbsAadr" 1Scank.tuispYAZ~iflProcuFactJ);

6cantitPos2Z := Scanner'osiZ + ScanPLb~isjArrayiPtr. AtuSAddr- L
AzCosk-,rodArray~tr. AosAdLur* 1SCanVLi)JIspZAzCosi~roa? acti +
A4Si~rlrocIArrdiyPtr. Ai~sA.aQr" LScanPtOjispZAz~irjtro'r'actJ];ý

xoli~j SCand'tPosL~atUifrtAUtterýJ1iPtr. ALCSAudrý OLJ;

ScafIWLpOsXPtr. AtsAuarft 6~.canPtPosx;
LýC~1iLiýQSvPtr, ASoscrc1a 6 carlPt~osi;
,-cadt7Posýa'tr, AOSA•-dr 4 :6 canPtkeosZ;

Sc-3ifitPosf~atuirb~i~fterF ullPLX,. APSAadr" := Irue
Sca:,,-tPoso..atuLtut-f err uI±Ljnr~ru3Ptr. AUS~ddrA* ;.= True

r. Lt

1r r~atiflCataCoriversion1 otiegiri
ri

Par, -ei.,La(-onvers ioninPr ocess :=ScarnPcunttIiurrber. IfLtV~i. 15

-n~iei~atiConversion)iot~e-i~n
(Scanoince;uolter. lntVaJ.= 15) iA:.I. (Prev.SCdnJnifet..umter = 14);

IF' scrPc&loriti'.urner. lnt~ = In
j 1iE ý
e r (.Lfl



BrdsleCon n'iudebiuiteri-usyFronbtrco2Ptr. Ar~sAddr- := 2rue;

R tPCA I
U i 1 L Vl Lr d s12 Coitif, I aIae bu t tPr bu s y Fr om6r ja 1 Pt r. A ts A adr;

le' brus l2LoirrnidledufterPtr~rc;bird2Ptr * AbsAddr^ * Newl-ata

8~G i N'

FHrds I2Cor-uT.Tef pIbutferPtr .

brosl ZCon'r;PuTýtP'tuffei PtrFrolljrd2Ptr, At~s~ddrA;

tr cs 1 eConnFntr~tE~utferPtrFrowor d2Ptr , Absm :rl
brastlComrnrIIebiufter~trFr6;titrci2itrr AoSAojor 4 ;

birosi1ýComni~1jebut±erPtrr~rorft~ruk~tr AV)SAdcrA:
t~rcbi slCorit,..TerrnphutterPtr;

brvislz4Corr.i TenpI~ufterPtr :
2ro~iseCon fitýtptuti~erketrFroIltirdIFtr, Ap~sAdar'^;

t~rd63~Corjr.Ltt3uiier?'trirouiiArd1Ptr. A~sAdcrA :
brcosliCo~a Id~le tiier*-'tri'ro'is'roPtr, ADS~d')r";

brds1 2Co~rrr.TolePutferPtrFx-o-itsra1Ptr. Ao~dr
o rm'1s]2C orr'uTemrp r~uf±e r e tr;

brcsl.2CorITle~uf fert~trFrownrd2Ptr. Ar.;sAdar"A, oie'l~ata :F Vlse

t~dlCrif~l~utruyr~iiuPr A.csAddrA := kdise;

5cafPLE~iSw)XL1CosProdFact :=
tHrosI 2Currrn~ltptriufteri-trFronibrdj2Ptr. Ar~sAadr4A.
Scr~r'rtcr..artnl[rarnshatrix. F(otft EXJ EXi;
6carnPtf. spit.1CO6ProeIl dct *.
Lrasl2Co'nLRitntB3,jfterPtre'roi-iHra2Ptr * ALbsAddrA*.
6cn~rir lctar tn ransmatrrix . Rota't LX) ~I E;
5can-Pt1f ispZrjCcsProcdPlact :=
E~iosl 4Cuf~L'P'tptt~uffer'tre ron'ibru2Ptr. SAdarAdd
ScrinrICartn'Trartsoatrixx Hotci. LXJ Vz.j;

ScaiPtU'ispXAz-t,tnProJi-act :=
L'rcisI2CorrrOtpttbuf terPtrfro(,,3rJ2Ptr, AbsAcjj~r-.
3cnnr'rlcarth1 rarjSo.1trix. xt-Ott [Y] LAI ;
bcarnPtr ispY4zLi,lrProdFact *=
brdtisICorrlbUtptL~utterPtrF'ro:rL~x j2Ptr. AvsAdur"".
Scnrrirctartn'IranSt-tatrix. Rotc't [ý) 111;
Scarn'tI-ispZ~zSlnProaEact :=
brdis12Cor.:rL.tpt~ufferPLrFroninrd(2Ptr, Ac6Addr%^.
Scnr,,'cc.artn'lranst1,atrlx, kotot 111 LzJ ;

5CcPl,~~~bL~o~c :=
bros1 2Comrr.Vtrtroutteri-tr~rotr~bra(2itr. A~bSAddr^^.
ScriinrficýartnJ lran~sýiatrix. 1%otcot LZJ LAI
ý)canPU'ispYi-l16inProcj~dCt :=
eras] 2Corr'L~tptrEýutfer .rFrorrii~rcj2Ptr, AbsAodrAA,
Scrrnricoarthlrans:ýltrlx. ikotdt (ZJ [I);
5cai,PtC:LspZrAl..±n'Voaudct :



erais 1 Coni -C~tpthufter;:t r~ro,,nbrdkPtr * AuSAdidr-o
Scnir~r-oartntrans,"atrix, Rotrot EZJ tzJ ;

5cairnerPosX :
I~rds 12Cort'iiiUtpt-bufterPtrFrombr,-i2Ptr * AosAddr,".
Scnrjr fc.arthl r at)smattix . Trans LXJ;
Scafinere-osY :=
brosl2CurnmLrtpLuf ferPtrFromzor rd2Ptr, AU~kddr'*'
Scnnrior~artniTrans!!atrlx. Trans iLY);
Scarinerr'osZ :=
ierds 1 Corm.mUtptL~ufferPtrFronu6ird2Ptr. AOSAaddr'k.
Scnnr'lcL~artn'IranS,,atrix, Trans MZ];

NextScanLflnel~umlber, InLVal ;= bcanLirjeinumor,er lntVal + 1;
IF i.extý5caflLineivumb~er. ±flt~Jd lb1
T tiL:
fNextScariLinel~umorer. IntVal := 0;

LiCos~rodArrayPtr. Uft~dor. rHiCflr fiextScap.Lirner4utrr)er. Loc~nar;
E1Sineroc~rr.9yPtr. LtiAdor. riiCrnr ivextScanLirei~urroer, LoCnar;

Scar1it.UlsP~XAzCosProuF act :=
EJ.CosProcl4rrayPtr. AbsAqior" '.Scan.Pt ~l spA'E1CcsProdE>.ictJL +
tiinProd~rrayPtr. AosAaaor i~can~tL~lspXE1Sinfrood"act):

ScanPLtbdsPYAzCosProo~act :=
EiCusProdArray~tr. AosAdar*t i;.cdnptL)1sp1yECosk~rodract j +
El1SflfrrooArrayPtr, AnsAddrf LScan~t~l'sp~tiSln~roc~actj ;

bCallt1:iSPZZzCOS~rooract :z
E1(,osirociArrayPtr. A~A.cr L4 $cdnPtLiisp/LE1Ccs-rod~act.) +I
El~1jiridrOd~rrayPtr. ACSAQJor' 1i>CarPLIispLt±Sir,~roohiaCti ;

ScaiiPointournher. lntv,1 : .

L U

C D



APPENDIX E

ELEVATION MAP STORAGE BOARD PROGRAM LISTING



MODUULE Ter rainElevat i onuatastoraqe~'rog.rarr;

PRLJGPR4- TerrainElevationLatd~toragP-Prooran1 (Input, uuuuý:t);

(,!axirufi'A.loWqaoe'Ierrainr.1evatioflr-itfereflce 2;

Ti P.

Setbfpnit = SET LIF t~its;

Hbyte=
kL~CUHL)

CASL Irt~eger UVF

1; (Cnaracter: Char)

C ASr Irteyer (FJ
U: k.LowerUroierfAyte,

Hjqcwerorrdertiiyte: SetUfrits);
1;: 0-qcriYtes: lilteger);
2: (Lu*erdrfierCoaracter,

HikvJrierilrejerCnaracter: Cnar)

Hooieanw'ointer

CA~cr, lrteyer OF
0;: (buso.1wteAodress: 413ooiean);
1; (CffsetAacoress,

,SeqnIentAdoress: Integier)

oy~tePointer

C45t. .Lrte.ger .' IF
(1: (AbSoiuteAolress: "eyte.j;

1(: ~tseLA,-dress,
oeq.rentAdoress: integ4er

Integerp.cinter

CASc- ILneger OF
(I: (Aosolute~odress: ýIntekuerj;
1; I.CitsetAddress,

reqn~entAdaress: lntecjerj

Zerobyte: byte;
wU~datum,,.ord: ArJ
i;a p xl r'e x,



Sa p A] rinex Iiwies Io,
-Adpi1noexlimneslo: Integer;
I e r r a 1 n A ,
lerrair'i,
lerrairiL: Integ4er;
ierrain);ia,-X ,
'ierrainýAapY: Integ~er;
~i r ra in',avX 1rncex,
lerrair.1dpY index: Aord;
I er r ainau &uf erF ilPo inter,
Lboard21 erraifl-3tui[WLUfferF~ui1PofLnter: booleanPcinter;
'1 erra inAF uinter,
lerrainy~ointer,

iere~nA~~ntr;integerPointer;
i errainAr ra X Positioko in ter,
1 e r r ainl.-ýr r a yYP £i t ion Poi nt er,
ierrainArrayPointer: IntegjerPointer;

b K*G 1. r.

hcsrdilerralnl'aturý-3ufferfuliPo11nLere SegIwentAadress - 16385;
rd~errir~t~rd~uter~i1O~ner.UttsetAaaress 0

oc~aro2TerrainDaturEi~uffertullPoinLer, AusoluteAdore~ss": True;

J errainuatuiauuf ferF ulPoinvter, 6eqnrentAdaress 6~ 191;
7¶Ierrainuat-i,~ufut erFui3.Pointer, * Utset~oaress 1j ;

ferrai.n~latumBuf ter~ui1Poi~nter. Av~soltuteAocjress4 := T'rue;

lerrainAPoiflter. SegrnentAoidress 1=8191;

le.rrainAk-'Jifler. uftsetAcoress :: 2;

lerrainiPointer, SeyanentAiddress :: 891;
'Ierraliroj'nter, uftsetAiJaress .~ 4;

Ierrair.ZPointer. r3eqmentAaclrebs 83~i91;

I err a lnZ"L'oi rite r. of fsetAcoress 0;

'ierrairArrayXk~ositionPointer, Seu~neritAaoress S1~92;

lcrrainkrrayYe'osjtionPointer, SeolpentAaaress : E224;

Zerocoyte. Character := Cnz' (0OtJ0iU;

fNoI'atujrrword. riigrerflrderCtiaracter :~Crr ((Jouri);
o~o~turr,-Ord. Lov'er~rderCnaracter ::Ctr (UUonJ;

E'UN IMdL:AIfldex := u 'TO 255 Lj6

ierrain)Array'XPositlorPointer. ilttsetAdd~ress := mapXindex *2;

lerrainArrayXp-ositionPoinLer. ADsoluteAeldress" ::= Nijoaturn.i.ord * 'I1vo$ytes

F L ac I i idexT0 2b5 L



lerralnArrayYpositioinPoiflter. iiffset.Adaress := -;apYIn~deX * 2;

lerraln~rrayYi-osition~'ointer. ADSOlUteAdauressa := INoi)atumvzord, Iwby

iO~k mapiIndex :~u TU 255 DO
FLjH mapInoex :zu TO 2b5 DO

Terrir'rraP~iter 6e4rrenitAddress ;mapylndex * 32 + 825b;

ferrainArrayPointer. L~tfsetAcddxess :m apXlndex * 2;

'ferrainArrayPointer. AbSo.LuteAdiress4 := NoL~atuný.ord. Ivoriytes

1 errajinL)atufiLbutter~ ull~oiriter * AosoluteAdldresW := False;

buaro2'Ierrainj8tU(TriUfferýUIPOJIrLer. Abs5O4.ULeAdoreSS := ?'alse;

o~i~rL 'Irue uC,

N~luIk MJI errailno~atUr1,-ijfterkduiiPolfter * At)SOlUteAddress^ Dii;

I erraiflA ;~TerrainxPointer * AosoluteAadress";
terraiflr :' erraifltPointer, AosoluteAouress"';
'Ierrai~n4 :'ferrainZPointer, Ar~oJouteAouress4;

'CerraInjatum~ufter~ ull-cinter. AbsoluteACoresso := Paise;
eoard2TerrainuatumBuifer~ullPQinter. AosoiuteAdcire~ss4 := False;

'1errainflapX := errainX D)IV 4;
Terraifl~apY :=irrain~i j)iV 4;

Terrain'~aPAIm'1px . IwoI~ytes := 'rerrainMdpA;

1err'a.in,-aFXiflaex . iiiyherurderCriarcacter := Zercdyte. Character;

Ierrajn:,aý.YIrlaex . Iwotpytesi := ferrainMapl;

ierrainapiniroex . dijneruraeiCfldracter :~Zercoy'te. CnaraCter;

ierrainATrayXk'ositioflPoifter. ufiseLAooress :
Ierrajni.,~apX.jncex. Twor-ytes * 2;
'ler rainf~rrayYi-osi tiun~ointer. otfsetAodress :
lerrainriapYlfldex. Twvorives * 2;

IV I erriinArrayXPositionrmlointerT. ArosoluteAddre~ss <> ferrairdfrapX

'ferrainArrayPointer. if tsetAddress
2Ierrain-;apXlnj-ex. 1iovoytes * 2;

i'uR vad[Ylf)dex := L) J*U 155 L'u

mapfIndextifes~b := mapYlnrlexlImreslo + 16;



lerrainArrayPointer . SegnrentAudress :
Mkla-xIndexlimeslb * 2 + 8.b
lierrainArrayPointer, Ac~soluteAddressll := jAolatUrnwsorcj. Tftooytes

1,)

TerralnArrayXPositi onPointer. AosoluteAddress4 := Terrainm~apX

IF' lerrainArrayYPositionvoloter. Ar'SoluteAddress* <> 'Ierralný,dr'x

lerraln~rrayPuinter * Se-~n~ent~ddress
'ierraini,,tapYindex. TwoLdytes * 32 + 625b;

FuýR ý^a Andex U= 0 1 255 DOU

t,. nA I nd eX1 i-Te s Iu a~ ?p X In oe x Ii rie s I + 6;

IerrainArrayPointet. uttset.Aooress :
MapX~ndeX * 2;
'ferralnArrayPointer. AcsoltiteAdciress^ := idebatuirivvord. lwobytes

I erraln rrayYPosi tioniPolnter. AosoluteAadressý :: erraini-apY

rerrainArrayPointer *SegilentAddress :
TerralnsnapYlnaex, Twobytes * 3Ae +820
'ierrainArrayPoiflter . ut±tjetArnure~ss:
'ferrain~iapXlnapx, lvoodytes */

ferrain~rrayPointer, AnsoluteAtdjressA, i errainZ



APPENDIX F

VEHICLE GUIDANCE BOARD PROGRAM LISTING



ixotat: urinr-Uier~ngIps;
Irarns: ?tJ~nCrd

tfrar's ,atrix

iiotAt: ARR~AY LCrdJ OF Vc~nCrm;
Tranis: Pt~nCru

Vet)Cl3IdyCrncfiype
F £ C U o

VerclIot.artr)FrrdvsIatr1x: 'frarisýatrix;
Linv~eiJrrVehc1Crd: Vcltivenc1Cr'j;
Ang velirnvenclCro: VclrVenc.Cyra

venc1~di~Ct
~ .C C! f ý-

line: keal;
verc1 ict~rtn rransmtrix: Tratisl atrix

iercl:dyl ra jType

max~c½dSttIdx: Integer;
vehcipciy5Lrs: AikNAl [v..MaxhySttsino.-'y'frajj iuF Venc1lodystt
U;

St.$t~tTy;e (Trnsfer, bufPrortJ;

'vet~cILeoStt

Positr-artflCrd: Ptlnt~artricro

vIenclue-js~ittsfype AP~ [Legsj UF venclbegj~tt;

veclL,e~jraj'fype

Ltt-iot: Real.;
Ficlir.e; fHedi;
PicecsmnveflcICrd: Ptlr)VeflclCr c;

NXEA bul,IjjarthCra: Pt~lnEartnCro

velc~iL.e-jIrajskec=

Mdh L~e -I!rajTiox: integer;
V e hcI we j Ir a js A RkA I L a.A L~e gr s n L eg I r c sI(e J Li V eh cI j eoT r aJTY0e

venclue~qsiraislype =AHRAf (LeUSj UFVr1e~r~~C



MODLJLý,. Veniclel rajectoryp.Lanniri.j;

PRO%3'kA`- VehicietrdjectoryPianning irpint., Output);

P! 3.141592c)54;

PadxLbdySttsInl~ayfraj= o
maxueg IrajsInLegTrajsKpc 10;

vehclCtrlovencl'op Q .v;
Verc1Ctr~o~Ienc1Ltilegs = It2s
vencliýtr-joverncirtLeqs = 1.o2n;
VenciCtrloverhcletuegs = .v;
VeflclCtrIoVehclCroegs = Oo
Venc1CtrTovernc~krLeqs =-.u
venclCtrToVernc1CG = .24333

\IenclAiLituie = 6.o;

vencl:,axlransvel = d.Q;
VefilcAaxTransAcc = 4,6;
vetnc1,,axPotdtv'el 05
Vencl-aAkOtatACC=
Ver~cl,,ln'furnu;\aa lbC

Aaxuecd.Itrýi iia = ()8
LegRtiollrr =Ob
Legi~ftTiff = U,'?;
Leg~lc'icT = 0,2;

Giol qjtnn'L.xecifltrvi U. 25uuu;

I*oCharirnteger

CA3.s-. Irteqer uF
0: LLoCriar,

miCrlar: Crnar);
1: Liltgr.Val: in~teger-)

Cid ( A, Y,, Z);
PtirCra ARHAY [Cri) CF R~eal;
Vcin)Crd ArOýAY [Crd] OiF Real;

EdrtrnCroi = (EarthA, Earthix, kLarthZ);
FtlritarchCrd = AfP<Af LEartrlCroJ 6P Real;
4'clnEartnCrd =ARF<AY LIartrCrai (jF Real;

JerlclCr'j (VehciX, VenclY, VeiiclL);
PtlInVeticlCro APi<Ai LVenc1Croj OFT Redi;
vclnVenclCra ARAY (VenciCrca' OF Real~;

EulerAngles =(ya'A, Pcti, R11);
UrInvtIier.,ngles = APRMi (Euler~nglesJ U(A keal;



vencjýe 4c~iifd

Sptz,,tt: SptSttlype;
VehC1Le9Cq~na'raj: Vehc1L~eg'fraj~ype

venc1ujec.sCnrndsiype. AIkiýAY [L~eus] O~r ',veocjLeqC1T I Cj

rHooleeri~tr
f~Cuku

CA~i. .irteger UP
0; (Au~sAddr: 4boolean);

SeoAaQr: integ.er,)

Integer~cinter

C'x.Se Int~ejer uF
0: (Aos~dar: 41ntekier);

&eg~air; Integer)

C~rrrt1T ie: R~ealt;
vend 1oLartr)TransM',1trix: Tiarns,'8trix;
Verc~ILAnvel~nvehclCrop
VeMClAn.;'vel In ~enclCra: VCin Vencl 'Cru;

FrwoVelPqst,
sideVelhqst,
Iu! nVelthqbt; keal;
Veh~c1Leqs~rr,iis: VencILeý s Cw n ns Iye;
Ne~l--ata: b~o] ean
L.J;

trorsl4Corti~BufterPt~r

C!%6 I1nte~jPr ufJ
C; (Aos 'kd(jr : Olrird$1I Colrnrtur ter)

Seg~dor: Integer)
u

rHrasl1½CorE,bufferPt~rPtr
rL C L) P U)

CA-St. integer uF
L,; LAOSAdJr: OtrosI4Cor~i~urferPtrj;
1: (CffAddr,

Seokeior: Irit~eger)

Ver~c3tidylraj: Vehc~bny~rajTywe;
Vehc1Legjs~rajs: Vehc1Leg1s'ra1 s'ype;
iNe~oata: uoolearl



r~rds4lConr,-,bf terPtr

CA-5r- Integer Uf
0~: (AbSAcldr; ^BrdS4lCoMmi6Uxter);
1: kCtfAdar,

SeqAridr: Integer)

iHrds'*1Corratbuffez PtrPtr

CASr. inteqer cF
0': (AiOS~adr: A^Brds41Comr;nkbuxterPtr);
1: (C3±tAddr,

SegAd~jr: Inteyer)

-rd nr~pe rat ionPtr,
=ra1IrnGperatior~tr: ie3o.LearPtr;
tir as I 4Com irn In ptf-uf ter Ptrk r or i~ra P Ptr
t ýufterPtrýromt
*3 as 14C orr:,iC t ,t - u fte r PLr vr orr.,,3rui Pt r,
d ri ,DT iufferPtriror ,rý, l
terds1 COrmiIi leHuf fer Ptrr ronii.ro,*ptr,
tras1 'Corrn~tUPt!3uferPtrr roa~rrtr+'tr: brds14COmu ~utferPtrf-tr;
oras I 4Cun wlelp t uf f erPtr r: 6rcis 1'4Crf-rrb uiiter Ptr
t3rcis I ICon :dI eQf f er2usyFrcmnrd1I tr ,
trasl *C~orrfII'Jlemutieribusyiroirtiro4Ptr: rt0oieanPtr;

oros,41 iCorr•~1 np t rufierP trr [oa-dr1 'Ptr,

d r as S4 I Con 1 Inc f)eur jtterPtr rf r o n t r a Ptr r,

brors4 1Comprnbli~euf ferFtrr rorv iraaPt r,
i~ros4 1Corti.OCtpt-ifterPtre rotTrnrcj'Ptr: brcis41Comr~ut~iterptrptr;
mros'* Cor.rTlempr utferkitLr: 6ra.S~2CorurrbufterPtr;
eros'. I C'oma I cler'~utterbus Yk ro~iimrci 1. Ptr ,
Frds41Com,-.Ile~ifferb~syFroazernqPtr: booleanPtr;
irrt-jArrhpusptr,
'1r r rAr r ~ PosP tr,
Tr rr-ArrAP-Qsr~e ± o Pir,
Sr r ,A rrxAPo S~b o ve Pt r,
T rr nAr r xPus u' 10A P t r
l1rrnArrYiýOSAbovePtr: tntegerko inter;

NoU~ackel: R[eal;
Pluslhitirity: heal;
SeflClLGirVernciCra: Pt invericicro;
Legr~asePcs~rnVencICr~i: An~ Lit-qsJ OF~ PtinVehclCrd;
TrarS ve.Pqsthiaqj: Real;
TrnA~k~mq xOtatACCRqSt;ýe: keal;
vel,.~eactr, Acck~eoictr: heal;
VenclrdyTraj: \Iehclt dyTrajlype;
'vehC1LetgSj~rajs: VehclLe'gsfIrajs'jype;

FJi,-CT±jQ4 I~rrnLlevC
'I rriX,
'lrrnY; keal)



J4 H

Trrr-,ýapl: Intecer;
lrrfllaPAIdx,
lrrr-'ýpilox: 1-4uCnarlnteger-;
TrrrnArrPtr: fr~teger~ointer;
Irrn~ilevltar: Integer;

E3 E., (31 N~

Irrnmax :X Round CTrrn.; * b.uoj LIV 4;

I rrrPý,jpY R~tound Crrrri *P b ,u iUIV ~

1r~rnp.1nrAldX. Itgrvai : Trrnr~idWA;

'i~rrcAjrAPOSPtr. '..ffAaar :r trri:iap~lux. ltgrVai 2;
IrrrnArrit~os~tr. G'tfAoor :~TrrrviapYlax. ItgrVal

('rrrrrIrrx,-osPtr. AbSAicir* <> [rrrrtnapX) 'OK
(Trrn..'jrrYPosPtr, AtsAjdr4 <> Irrn,**,,PY)
I ri E;.
IrrnElev := Ncl ¾itkedl

IrrrArrPtr. 8egAdIcr :~Trrn!,.epYlc6x, ltgrVal * 31 + 2o
Irrr.Arrtetr. (';±±Ad,,r :~Trrn~vipAlcx. JtqrVaj * 2;

li rr, levltgr ;= Trrrn~rrttr. Aos~dirft;

T r r ofLev :ý ~oDatkea i

frrrJiev 'l .'rrr)ý.levILQr /H.u

IrrnY: keal).:
khe aI

V AH

1rrjiý,aPA,
'r r ridp i
Ii r fiar aX kielo -v
T r r n P A Aoove0



Trrnp'dpYbe3.ow,
2rroý-apYAoove; inteyer;
1?r raN p X 1 ox,
1rrnm a f rd -:Y I dx,
1 r rn~iatXldxDtel ov~
I rrnmap~A lox ~oo ve,
irririma r IdXme I o ,~
Trrr~f~drPIIoxAnove: IiioChar lntegjer;
TrrnArrPtr: Integeroi~onter"
Sr r , Flevi to r,
Ad I rrnr.levitqr: Ir'te~jer;

b L G I K'

Irrofrapx R: ound (TrrnX * e~~ n.IV 4;
'frrw;r1 ,r I: kolind CTrrn)Y * 6 .U 0D0IV 4;

irr.M)I capxel oy, :T'rrni~pX - 1 ;
IrrwMAdPAAuove T~'rrru'.apX + 1;
frrriipl'pý-elow := IrrnmapY 1;
'[rrrrm;'.rjAtoVP :f rrnr\iapY $1;

i :rrrhw(ýocAJdxo itc.rval :~Trrnmd&)A;

f rrraAa,-p laox, itprvaI := lrrri~ia');

irrn,*,rprvix, ziCrnar :=Lnr ( v ;

'frrrKiýAIox13eIo*. H-iCnrvr Cuir (CI);

'frrnplwOAluxAIcove. ltgrvdl :1 Lrrr!saAAL~ove;
TrrrI)::r~A3axAoove. HiCnar :~Clr (ki;);

frrniF1~ToXiiejow. HiCnr~r : Ctir ( L;) ;
Irrr,,-,.YjIX~"')oVe. ItgrVaj :J rrnI~pAoove;
Trrn*-'YIzaxAr~ove. HiCrnar :=Car ()

!rrnAtj.rAPusPtr. UffAa~ir :I rrn~AapXlax. itgrVal *21;

TrrnArrxPosPtr. OffAcar : rrri-ap'opix, itgrVal 2;

frrrArrA`PosveJ.oPt~r. Utrh'adr :zIrrnmdpXlaxtoeciO'A. ltqrvdal * 2;
TrrnArrAPosAuoovePtr. ufiAidr ;= rrrlMaPA~dXAccve. ltcjrX'al. * 2;
Irr!-Arrjpusnejeo,LPt-r. Lf:Atdor Ii~rnmopYtioxdeio.%. Irtrval * 2;
kirrnArriuos~r'ovePtr. LuftAlor ;= rrsmakdilaXAbove. ftýQr~al * 2;'

(irrrArrXPosPt~r, AbsAddrt <> irrnrlapx) fJk

(rrrrp.ýrrYi-osPtr. AbSAijorA <> Irrrnmapi~~) U'<
(I'rrr~rrXt~osreelowPtr. Ao.sAcdY4 <> TrrnmapXbelo*) bi%
(IrrrArrX&ýosAuovePtr, Ao~SAdjrO <> 'irrnfthaXavove, u Ltý
(i'rrn~rrYeosPelowPtr. AnSAcorý <> Trrrnap'ioelov) uk
Cl rrr-ArrYj-IosADove~tr, AosAoaro <) TrrflmapYADove)

Irrr,Ftho := rqaoPatheal
E S r.

d LGI I\

1rrnArrPtr. ',eqAd-ir :~Trrn.IcipYidx, itgrVal *32 + 5t;
'irrnjArrk~tr, C~ttAdur :f rrnN~apXidx, itgrVal * ;

Irrnuilevltcjr := frrnArrPtr. AosAour4;



1p irrnt-levitqr = hooatitgr. Ityrval

IrroArrPtr. Seq4Ador :~Trrnmiap~lux *ItgrVai * 32 + 825o,;

TrrnArrPtr, uifAacir ;zTrrwA~pXidlxbelow, Ltgr~8ai * 2;

V1iJrrnr~levltqr := J'rrnArri-'tr. Ac)sAadr4;

11 Adjf~rrnEievitgr = Nouatitgr, itgyrVal

I if -

1 L~t.

1rrnArrPtr. Seg~oir :f rrnolapliux l tgrVaj. * 32 + ib
lrrnArr~tr. OttAoicr :f rrr.ýapxluxArove, Itcgrval * 2;

A.jjlrrn~levltgr := TrrrnArrPtr, AL~sAodral;

JIF Adjlrrnbievltcgi LNoudtItgr, itgrval

IrrnPtrbd := i'vobit.eal

leit. M1S rrrn~levltgr - ArljlirrnflEevltgr) > 3
~I A F 1*
lrrinFtrli ;= No~atrmeal

e tL G I N

lirnArrPti. SeU~dor :z rrrP~apxioxEbejciA. Itgrvai * 32 + ý25o;
lrrnArrý,tr. LitAdcir =Trrn.apxldx . Itgrval *C 2;

Aojlrrlt..levltyjr := .trrri~rrPtr. ArSAodr 4 ;

Ir AdIjlrrnF-levitqr = 1-ouatltgr. itgrVal
I rip 1

7rrnFtr~a := Nouat,~eal
F L 5,1
Ir Abs CIrrnF-jevltgr A ojl'rrn~levitgr) > 3

lrrn~tr~o := Nobatkeal
E LSE
ki rG i 1v

1'rrnArrPtr, begAddr 'lrrnNdiaplxArtove, itorval * 32 + 825b;*
lrrnArrPtr, UftAaar TrrnmapXlax I tgrval * 2;

A1ilrrn'.l1evit,)r := 'Irrn~rrPtr. Ab~sAcdr4;

I f Ad j rrnElev I gr = NoJat I tjr , tcitvglv
TI H F;
TrrnFtno := 'qo~DtReai
E L Sr,
It. Ahs (Trrnvlevltqr - Adjirrnkl~evIt..r) > J



3rrnF'tn~ : ryouath'edi
ELSE~.
TrrnFt~no ::rrnit1evitcgr /b.O

i'uý4C1 it; i Arc'fdl an
x vaIu e ,
ivdJ.ue: Real);
Real;

v LGI I,

]Aý AValue > (0,0
I irE -,

Arciavj2 := ArCTan (YValue / Xvml4ue)
L ii~st,
IF xValue < U'.0

Arclan2 := ArcTan (YVdlue / xveilue) + Pi

IF YVdjlue > 0,0
1riE.i
MrcTlao2 := Pi / 2.0
L S

Arclao2 Pi ~ / 2,0

P K LC ELJ U hE C alcT r a rsm a t r ix r orrPu s tie u f F rai L:
VAH Tr n -at i r 'Traiis Alatrix;
Uegote ron ý ar: ueqfifF rdrr);

COS184v, Slrn.aw,

Cost-'ll, Sin~ci: kal

ibLGIN

Cosxa4 ; Cos (ue-gOt~rairvar. FRutat [xd~j);
S in ya; v-, Sin ( De yU f fr ciiv ar * <o r- L Cfd* j ) ;
CosPcn,: Cos CueyOffrao,,ar, ý<otat- (Pcofl;
SinPcrn; Sir) (De'gOf~rait.',r. Rotat (Pcnj);
CoSqI1i: Cos (Deg~ftrdfiVar. kotat (xIIJ);
Siri~ll~: Sin (uegOtfro,,,var. Koctat IeLiu..) ;

1ransi~atrixvar. D(otdt lxJ tXJ :~Cos~o* ~'Cos~cn;
jrans--atrix~ar . Potat (xJ LYj s irija4 Cos~cn;
fraris,.atrixVar. kotat [XI EZI : ~ -Sirucn;

lrans--atrixvar. kotdt [l [Xj :



Cosia. * birnPch * Sin~il - 61niak * Coskil;
Iransi~,atrix~ar, kotat M~ LYJ :=
Sini.awt * 6itiPch * Sinkll + COS'iaý * CosK11;
Irans ,'-atrix~ar. Rotat [I] MZ :
(4 *) CosPch * Sinkil;

Trans,!iaLrixVar. Hotat [Z)I X] ;

Cos~ao * SinPch * Coshli. + Siniaw * Sink<11;
irans,,,atrixvar. kotat (LI IY) :=
Sinlavw * SinPcn * Coshll1 - CosiaA 4 Sirii11;
'Irdr)sliatr~ixvar. FRotat LZI (Zi :
(4 *) COSPch * oml

Iran~s:atrixvar. Trans [A'] :Deg(AF!roitrVar. ¶Irdrs tXi;
Trar~satri~xVer, Trans (x) :u p9Oi'Fra~tVar, Trans LY);
Irans~atrix/ar, Trans LZj :j )egOfP'rcmVor, Trons LZI

Pt-ý.VCEbLA-KE CalcPosL~egt'fFrdrn! ronf'lrdnsrlatrix
v~ik Deg~jfFrotrV.r: OeqJt~rcn,;
TrdnsvaLrix~ar: Transtratrix);

Deq~jt r*In var. kotat (xaAj := ArcI an2(
Jrdfls-,atrlxVar. k.otat IAJ [A), liansmat~rixvar. kotat IX) U)J);

Ce.gji~ronvar. P-otat LPcn) := Arclar2
Sqktt (
6cqr (Irars~dtrixVaro kotat Li) LZJ) + bnr (Irrnsfrdtrlxvdr, FRotat LZJ 12J))),
- IraosiatrixýAr. fkotdt (A) LZi );

be-CtirrifVar. Fotat tr~lJ := Ar'Clar2
'Irars,,atrlxVar. Rotat [ZLi IZI, Trarsmiatrixvar. ýctat Lix [Zi);

Gegufr-rcnnVar, 'Irans E(Aj :Trarisl,*atrix~ar, lrans L.Xj;
ioegof~rcirrvar. Tirans [y) ~Tratis?-trlxv~ar. Irar~s LxI;
Doeg~ur~rromar. Trans L; : Trarisý,ctrixVar, Trar~s [Z~i

P (.,C E L)Ul ý r ns f rn P t r'o ;a rt n Lr d Fr en c IC r d
V~. Pt]ii *rt~nCrdVar: PtInrartnCrc;
Venc.llor.arthlranso~atrix: 'ii nsriaLrix;
FtIrnVer~c1CruVar: Fi-tnvenc!Cro);

L G I Ni

PtlfiK rLmrurVar Le.rtrix) :
vehcllot-artn'lrarjs,ýatrix* Rotat LX) Lx) * PtjnsenclCrdVar [Venc.Lx) +
vehclio1~artnrVarns'Adtrlx, kotat L11 Lxi * iPtIn~enCICroVar EVenclix' +
Ven)clioz.artinTr&ansi'ntrlx. Kotat i.Zi LX) * Pt~invenciCrnvar LVencl4) +
vehcl for,artn'lx anist'atrlx, franis E Xi;

I'tlnFarchCroVar Lt-artinYJ ;=
VehC11Iotart'irans5.atrix, Hotat (A) [y) * PtlnvehclCrdVar [Venc1xJ +
vencliot~artE)Transmatrix. eotat iYJ Cy) * PtinvenciCra~ar Ivencl'x' +
venc].tor~artnTrans~aLrlx* k<otat IZJ LYi * PL.InverncCroVar LVerclz) +



Vencl~oc.artn~ransrmatrix. Irans 03f;

PtlnEartrnCroVar Lt~artbZi :=
vefclciotartril1ransmiatrix. iHotat EX) Lzi * PtlnvehclCrdvar EVen~clA) +
V1ehclioEartnTrars.,-atrix. Rotat [1) [Z) * PtlrvehclCrcvar LVer~cliJ +
VehcliioLartnlfrarls;'atrix., iotat LZi iZi * PtinvenciCroavir LVer~clZi +
Vencli oLartr~ransl~acrix. Irans EZi

Ph UCEDL)UJ, 3 rnsf rIVcio~artnCrdý r vwenci.Crci(
vAR VclrFarthCrujVar: vcitnrartncru;
VehricloL~atuilransl-iatrix: iransMaLrix;
VclnVenclCroVar: vclnVeticiCra);

LOLG Ilid

`VclnEarthCr~,Var [EartriXi :
venclC1ILa.rtnlraismiatrjx, ?Kotat (XI LXi * VclnvehC.LCrd~lar LveticlAI +
VenclioLartnTraniSmatrixe kotat (1) EXi * VclnvericiCrcivar [venclh) +
Verncllotrtr'Transt'atrlx. f~otat [Z) CAJ * vclnvernc1CrdVar (Vercli.);

v.clnLart1rCroVar 1rLartrfiJ:
Vehclionartnfrans.-atrix, R o E r CX CI it * VcInvenClCraVVar EVenclAJ +*
Venclior-artn'1ransmatrix* ?8Otat Lli L~I * Vclnvenc.LCrdVar tVerncliJ +
vencjfot~artn'fr~nst-,atrixe kRotdt JZJ CYi 4 VcInvencl.Crdyar Lveficli');

VCinLartr'CroVar (L~artr)ZJ :
Vencl~ioe~artn2 rar~s,.atrIx. ~o tcist L XI (Zj * VclnVenclCroVar (VernciAJ +
vehciiccartnTranjsmaLrlx. iROtdt LI) LZJ * VcinvenCi~ruivdr LVencl a) +
Venfl~or~artnTrafis,%atrixo thOLEt [Z) [4.J # vcinvenciCravar E'VenciZi;

ý-rýiCKOUKF' 7 rnsfri",Pt~o~e'C.LCrd~ridrtniCrd
VAR Ftlr,'VehClCrcVar; PtlnVenicjCrc';
Venclior~art~iTransNat~rix: 'lrdnsmaLrix;
PtlnLarLhCravdr: PtlnEartoCro);

lo'p~'tIr'artrnCro'var: PtlnkartriCra:,

Tmp~tln~artnCrridJr L~archA) :=
VtflndtartCrdvar [LarttIAi - venei'Jo~artnTransY~atrix. Trans [XI;
IrrpPtJnrrartflCrdvar LE~artnxI :=
PtlrnhdrthCrIjVar (tLartrYJ - VehrciloEartni'ransmatrix. Irans Lxi;
TrnpPtinrartoCrdVar LEart~nZ) ;=
[PtlnEir LrCraVar [LarttnZI VencV~oEartnTransýAtrix. Trans [Z);

PLInVenclCrdVar (4encixi :
vehcli or~artn~fransmatrix. Kot~t LXJ XIx * TnrpPtjnE~3rtnCraVar LtarthXi +
Verndilor.artriTrans.matrix. Kotat LXi [Y] * TonpPtlnrartnCrdVcir (Eartn'xJ +
Vencliot.artnTranisatrix. kotaL CXi (Zi * urjpPtlnEartn)CrdVar (t'artn)Z);

PtIr~eticlCroVar LVetncAIJ :=
Vienclic~jartn)Transmar-rix. k(otdL (1) [Xi * ilnpPT-InlrartnCruVar iLdrtnX) +



Uercliot~artnTrans,,iatrix. NOta.t Lx I 1LYj * 'fmp~?tlnhartnCrdVar [Lartm'Y) +
Vernc1' o~artrflransmatrix. kotat L Y) L Z * £ruaFtIrEartnCrdi~ar Er'.artr~lZ1

PtlrnVerclCroVar Lve'nclZ) :=
veric IbIorartiir afnsKIatrix , Ro ta t LZI LA. * 1 m p Pt L n E ar tf)C r LV ar (Earrtnxl +
'.erclIaLartnTlransrsatrix. kotat LZJ LYJ * TmpPtlnr~artn(,roVar Le.,artnYJ +
vencl~o--rtnlrarnsmatrix. Hotat [Z) Mz * lrTrpPtinE~artflCraVar lrartn)Z,

~uCl 04 ~t In Li rT j t s
Leg : tie)s ;
i tPosiruarti)Crdj: Ptlr~artnCra;
vdercic1Lo-artf)Transi-atrix: I ransbiatrix) :

C Ji &]

x~e~~n ~ 7 3.643 3.
iminue iLLnU 3t 3 ý 3 3 3;

Max r,-1A:)g1 e = .+ u

FtPosl verncICrdi: PtlnvenclCro;

F t A oo A r, 1 e
r- L; A r4 ajr t n' e a

Ftlol~eqijn~tr-r~rnjts:* L-oolean;

Irnbtrarrt't 1o ýeiCrdt'rLarthCrf-
F.ti:osI r.'erclCrir, vehcllIoEartr'jx ar1 sNatr ix., Ft~csln~artr)Lrd):

FtPosirvenclCre1 [VenciX) - LeqrmdseposlnveficICrd LLeqi [kenclXi;

r tlr,F .o~splcLlmits :=
(Ftf*ibIspic >= lvinFWdL SP2lC) MA,,) (F. tF*dL)SP.LC <= maxF *dljSplc);

1r tuoc. (Crd (Leg)

ftAocairgle ;= Arclan2(
-F t F,)S L n o e n IC rd (JIv er)cIZJ I
(F't Po E Jn ve riclC r o (V erc 111 L e u aase P o slInV e n clILr L Leg J LV e n ci Y J

FL.5r-
FtAod;,nc.,1e := Arciar12(

-FLFoslnVerrclCrd IA~efciZl,
e (t jc slIrV e hcIC r u L ven cIY J - o e go a s e P o sIIiven ec 1C r L L e L V e h c IY I

(f'tAt:Ajjqe >= NlirAbdsrvgle) Ai' (FtAod~ngle <= t,,aXAArvzIe)



Sqr Lr te's Irive nclICrci Evemc1'I J - Leo BaseposIn Vehc ICrd fi.eg) LVer~c IYJ ) +
Sqr (rt~osInVenclCrj [VenciZi - LegovsePosinVenclcCra [L.egi [Veric.l1Z)));

FtlnLeQLrqgtciLrTilts :=
(k'tijeýLncth >= vrmnL~eqiungtr0 Au.u (Ftiegbnyto <= P;,axLec1Lrntn);

FtlnLiw Its :
Ft~rIF~dL)SPlcLimlts ANI. ~tlr)ADCAfnQeLifr~its AN'jr F InLeqLr)gtrbiirjts

FU.iCflIU. Calc~eric1$(.yrrdj k.
ý r*dAccrmust,
b.LaeAccr,.qst,
lurrACCm~lst; Keal;
('urrntlir~e: Real;
vehclJ'or'a1trvl1ransr~atrlx: lransN~atrrx;
V'eM-CILi;)vel niner~ciCrdf
vec1~niveli nverclCro: Vc~n ~erciCrc;
v.H Vet~cl~ocyfraj: V'er~clooyxrajiyoe) :

ýArH

VencltartoX. vericlý,rtn), Vericl'xs*: heal.;

Newveioc1EdrtLhA, Newvencj.&artA11, (Newvericlya¶w: keai;
t .,e~.rrhdveip *ew~iieve.l, riewluorr'/e.l; r~eal;
i iIe Iiicrarni. k edi;
Frwofteci-qsi, Siaebecvt4st, r'urnr~ecR.st;. Real;
L~eciiiie; Heal;

PROCEAUm cC±cr~ewve-nclF'os
Vencl-,artnX, venclEartni, 1Verciyaw: Rea!;
k'rAcs1el, .ziuevei, rurnvel: Hea.L;
VrwciActchost, 61ldeACCFqst, Turn,%cch~ost: R~eal;
JVuk I'ewvenic.E.arthX, tNe*VehclLartni, Iwe*veoclYdw: H~eadI;
vAih New~r~d~ej, Newsicievel, %eol'urrvei: kedl;
VAN '11nelrsC1lnnt: healJ;

Irai~slncran~t = OzS;

ýotatJncrr~nt = O.01bb25;

Frv~cAlimre, bIderime, 'Turnxile: Real;
AverrAciVel, AveSýice'vel, AveafurnVel: Real;
Aveiransvel, AveVenclYa* R~eal;
Tirnio(ýCaua, lurninqtArc: Kei-elJ
iz ans veiAngqi EjartnCrci: Peed.;
luIridnwCtrý.crthA, lurningC1.rLartfP: Real;

I nitI ia1 ve l cCity~,
A cc ele ra~t ion,



&irrns4AC, tSiPlS4AC: Real;
L~istTime: Real;

Ir Acceieratiun = .0

mlnoist lIr~e =Akcs (LUistance /Initial Velocity)

oNln.iist'j ife := PlusInfilnity;

birZrnS4i'( := SqT (1tnitiaivelOrity) * 2.0 * Accelerition *i~iStance;

1 HE,.

Distfi~me :l - idttalve.LoCity +- bqRt (f2rrnS4AC) / Acceleratior,,;

List'iifle := Iflitialve.Locity - 6q?(t LLe2rtnS4A4C) / Acceleration;

'I ri E

r,2LIS4AC := Sir (lnitIlaivelocity) - 2.00 AcCelerdtion * Uistdnce;

It b4'ls4AC >= 0.0
'I

Ls 0 i r.e I - Iit ia I veI uc J.t y + 6, L ~L, .IS AC) A Ac c e Ier at io r

It' (LOiscTirre >= 0.0) AtvU (DiStli lie < -Yin~iSt'lime)
I (I(~

C.lst~lrne :=-initiajil~'~icjty - bqrpt L.L2ils4,4C) / Acceleraition;

It'i(bist'iirre >= U.0 v. titipe< .re~lie



b E 1N

Fr*aTljre :ý -ln~istjj~r~e (F'r~dVel, E'rwaAcckqst#, Irarnslncrnrnt);
SiaeTimre Mit~nDistfirie (61deVe.l# SldeAcC~qst, Translncrrnnt);
T ur r, )1 re i "n L s t f i ;.e (T'u r nV e I , Xiurr) A CC KaSt , RkOcdtaLI c r rn t;

IF .Frwd~irte <= Sidelime) A;,.J (Frwdliire <= lurfl~ioe)
'I riE:.
lir~elrcrrrnt := Fr.vd'i,,Ye

If' LSideljn e <= Turn'irtie)

lin elficra~nt :6 idef'iire

lifrreIncrtrnt :z'ijrniitre;

fNe*w-rA('~ei Fr~uvel. + Frvc:Acci~qst 4 2hiiieIr~crrrntr;
Newl.ineveX : SirieVel + -Sioeosccmast * Iimelncrant;
Ne~iurrivel :TurnVel + Turn~ccr~qbL * limeiflCriTnt;

tAver'rwdvel 0~ r~a~e.l -+ Ne%,.r'r*,jVel) 21~.0;
Ave~ideve1 : (SideVel + teaeinelvej) /2,C,;
AVelurnVel :( 1urnvej.L i''ewiurn\/el) /2,6;

,iewveijc~iaw vencl~aw + AverurnVel~ T11ineincraint;

1t' ýAve~rwdvi =1 t*U) Avl', kAveSldeV~el (.OJ

Jew'venclikarthx,: vehcl LarLnX;
jxewvegic1Eartb'ý v~'enclrari-r'Y

v e I urnVeI oV

Ne.eý ~enc1l.arthA :~vericlai a1 n,& +
AveFr*uvei * Cos (VenclYa~j - AvebidoeVel 4 b)in (Vehc1faw);
,ýe*venclr.drth-y := VenclcLdrtnfl +
Ave~r~a~ej * 61n (VenClY8aj + Aveoiae~el 4 Cos CVericlia)

Avel'ransvel :~bqkt (Sqr Ave~r*d~el) + Sqr (AveSideVel));

lurrdingead Avs VAve1r~uii 1 ~e1 / AvelurnveI);

Ave~enci~a* := Cencl~dW + vwe#VencIjaxs.) / 2,0;

3reijs~'e1Anqv4RTEartrnCrd := AvevencJ.Ya* +
Arclan2 (Ave~ rwa~e1, AveSioevel);



Ii' AveTurznVe. > (j,(,

'IurfiinqCtrP-arthx := Vehcj.tart'hX +
Turninakao * Cos L~rans~vejAnq*RkfEa rthCrc1 4 P1 / 2,0);
TurninCtr~arthi := Vehcit~art[rj +
7.rnirio2~a * 6in (irans ljAngaK'fLartrnCrc + P1 / 2,0)

E V

6 ('G I Ks

lurrningCtrFartrhX := Veci.artthX +
Tiuriinqk-Ao 4 COS (Transvt ArovkftarthCro - i-i 2/ 20;
TurnirigCtrEdrtnY ;= Vserncirartnx 4
lorriingk~ad 4 6jin k'ransVe1AuoAHV~artnCrO - Pi1 2.0)

L.wriiria~rc := AvelrdnsVel * lifyene1Crilint / lurninqhi-;d

Ir AveflurnVel > (,.o

Neo~ver.ClFarthX := Turniro~CtrF~artriX +
lurflinqt~aa * Cos (TransVelAncAKTý,artm~Cro - Pi / 2.0 +e lurnringArc);
r~ewvenclar LnY := Turnir)LCtre artni +
J urringtaa * Sit, LTrans ve1Anc..kir-artrbCr'j - Pi / 2. 0 + Trurn inqArc)

G.C I t:

t~evencU ortnX := TurninuCtrEartnX +
I urr,1inu~au * Cos trans ieAnoqN'il arthCrd + Pi / 20 - Tor ningArc);
-2ewVencIV.art-riY := TurninuCtrFartriY +
1.urfiingt-ac * Sir, (.Trans Ve1Anc-%R i~artnCrc 4 vi 2.0 - TurriingArc)

FT'j~CT1U', CalcVen~clio~artn~ransr.Iatri xC
VenclL~artnX,
v e n ciartpnY,
vernclfaA Heal;

Hoo.i ean;

Vehclxl'ix, venclyldx: Initetier;
1rritslnt.art.-1Cro: ARA L-2.92, -i.1Ij Cf- Pt~r~drttiCrd;
1.:ýcr~rrnF-ts.: Integer;
bum.Lr~atfX, 5umI~drtbl., SumveirtnZ: Heai;
wean~arthA, MeanEartni, mecin~artnV,: k'eal;



s kilr*artflr~rarthy,
L',-v r-,rtiira rtiZ,
S ~4fl EaItnVILartnY,

Z4.ntercet, EdrtrmXCoeffj iEdrtn)'Coeff: Real;
A JcPt.[nl-artn'Crd; Pt'tnkartnCrd;
xvczpttla: Real;

bi Ec I £ý

FiAk Vehclxlox :~-1 Ftn 1 UU
k .jk V erc IA I ax :=-2 1 w 2 Du

1rrriPtsinLartnCrd [vencixlcix, Vench~ldx] L1.arttXJ ~Verhcl~arthx -t
(Cus ( 4e Pc IIa Ai) * i .-. * V e t~cIX I dx - Sin ( V e t.c I Iaw) * 4,0 * venchI~jx;
IrrnirLsirn..artijCro LvenclAlcix, venCj.lllx) LF~artiyi :~VerC~I~artnY 4

L;±.r) ( 4e~iciYaw) v ** 4 Vericj'ildx + Cos C Ver~cl~ax) 4.0 * VencIYIcix;

liri)Ptslnr~artnCrd Lver~clxl~ux, VencylacxJ LtarttizJ :~Trrnitno C
i rnf~tsIrr-artrnCrd LVenCIXIcix, jeb~cIYI-x] L~artrAj,

Irrovtsinc.artnCra LVenclXI'ix, Venc!Ylax) Ltartrifl)

Stir, -artr)X := o~;
bunr;artfy Ulu

F~. Vrcl~c~x = -1'H f) fu
FL~VetC1AJQX :=-2 11,, 2 LJI.

I ri (rjrtsi~n~arth!Cro LVet~cIxiax, VehcicadX] [Eartn~i <>. f~oobatpeal

b '-k ip

i. n!rl Ir rf-LS %n Nnr Irirn~ts + 1;

~,'.'LatnX:= ujiiirtniA 4.

'irroftsir'lartnCrd [Vet~clXldx, Venc.LYlcixJ LF~artriAJ;

7rrni-vtsIrit~art;Cro [VenciXiux, VenflilldxJ LEartmi);
,,t1Tr-ArtnZ := SulaEartnZ
Tri r~f.tslInLrrtnCrc [ Ven'cIAlobx, VeiclY lujx) E arT-r Z J

lr Lr Io trrnv ts >= 3

Aejl~.rt~ :~SurytarthZ / NntLrrTrriiets;

e,.ik \ehClifdx :=-1 'Lu 1 LDu
P )I- VenClAlLIX : -2 'iu 2 L)LJ

(tlrrrPts1nE'arthCrrj LVehclX-ijx, vericl~IdxJ L~arthZJ -meant~arttZ )> 2.0

~GI



NrbTt~rTrrrPt~s :iq(TDrTrrnPt~s - 1;

S~jn~artnX : u~nEarthA -

I rr r)Fts iiý.a rtr~crd [VehCIAIoIX, VefnclYldxl LEarthA);
SurrtartoY := SumEarthi-
TrrrriPLSln~artnCrd L~ehC2LAIoX, venclYjaxi [Eartrny);
Suiz~artiiZ := Suirp.artnZ -
TrrriPtsnr~cartriCrd IlenciCAIOX,, venclylcoxi LF-artflZj;

frrni~tsin~artnCro t~eflciA!OX, Venc.LYloxa L[.artflZ) NoLbatkeal

L 1;

CldcVer,cll'oEartn~ransmatrix := (NrnporfrrnPts >= .3);

le- Iacver~cl1oEartrYfrans~'at~rlx

?veaii arthx :SurmLarthX / ivrnbr7'rrnPts;
~ atr' :SurrLrartnY / .1ri~rTrrrnPts;

N'e-aiiEartrZ: Surrr rtnZ / 'vi;ýrTrrrnts;

Sji-,r.artnXt'art nX u~ u.0
.-jrrLartnXLartnY :~u~u;
Somrc~artnXc:artnZ ;O uu;
S,ý~rartnYtartnY : u,O;
Sur 'art;*Y-2ArtnZ 0~Qu

~jp vehcl i lax TO¶f I VuL
1 ik verlclxAidx :-2 '1,) 2 L'u L
li krrrnilts~n~artniCro! LvenciAl'8c, veO~cJyIdx] (Eartnzi <> iNoL)tl~eal

Sun~artiv,Xf-artr)X := 6umn r'th-XP'arLhX +
(irrnt~tslrpsartrmra LVecicildx, VehclYiox) [E.artnAJ - ý:eanvartnX)
('krrnPts~nii-artrrCrJ (VenciXldx, Ve~c.lYloxd Lr-artnXJ - meancartr~XJ;
SurlLartnX~artflY := Su-Dr-a1th~artfij -t
(irrnPtsliiEarthCr, CvernclAldX, Ven~clYlaxi L~artiiXi - meani,-artflX)
(i'rrnk~tslnctarthCr2a L VericiX Ilx , Ver'c Y ldA) LLartr)Y) - %iearinEirt.nY)
,;ijn vatXat~ := 6uDLarth~kfartflZ +'
(irrrA~tsIn~artrLro LVerIciXIUX, vehiclYidaJl LttartinXj - m1eaniartnlX)
('IrrnPtslrHt~artrnCra LVenciX1ox, VerjciYldxJ Lt~arti)4j - rMeanl~artrmL)
SurLartnYtartrvY := SiumkarLt1Eartrij +
Cf~rrntslr)E.aritCrl tVenciAldx, Ver'clYldx) [EartiiYl - Niean~drthY)
Cirrn~ts~nt~arthCro EVencj.)iax, VenclYldxJ Ii~artinY) - meanr-rartr~Y;
6uinr~artrjYra-rtnZ := Suinr-arthlEi•artnZ +
(irrnrtsln~artnCrj LVenciXlux, Venclio~x) [Eartri'j - mearieartrlY)
(i'rrnt'tsliiEarthCrc2 (efcix1ox, Vencl~IdxJ IL~artr,,Zj - mecinrartniZ)

(ColcVef~lc]or-artrVlrriis.-atrix ;= (Somr-artflXi.art nx <> uu);

li Ce ic VericlToltarth 14ans:i'L~r IX

CdjlcVerncl Yo~art,'T~rans iatrix: (



SunztartnXLartnY * 5iunEarLnXtartnil -
Surrr~artrmXFartnX * 5 usLar Lr I ar tni) <> o.0

IF CalcvenclTo~artnl'rdnst~atrI x
T ri F~
8 rC iN

EarthlCoeff := (
S~.mn~artnXEarthY * Suni~drtrnXtartnZ -
SunmEarttnX~artnX * 6umcr;ArtnYEartnZ) /s
SumLarthX~artr1 Y * 5unaidrtnXktartrf1 -
SumrrLrtrnXi:artrhX * Sur,,r'drtflYLartn ) ;

EarLh'ACoett := tSun-Lari-nX6.rtn)Z - EarthlCoetf * um~artrnXiart!l) -/Y
5um~rtnX~artnX;

Zlntercept :ý ean~arttriZ -
EarLhAC(.e~t * ,earnharttnA - tLartnYCoeft * meanný-rtr)Y;

XvcPtln~artnCrd LEarLIhA] 5mearLar~thA + 1U.Gj * Cos (VernclYa&);

XvcPt1nýartrnCro Lr*.arT-rij :=meait~arthi + *C0 Sin (Viencl.YawJ;
XvcPt~intartnCra Lta~rtnLj := intercept t*
iarthACc~eff * XVcktt~nidrtrhCrd 1t~artnXJ +'
EartnYCoeff * Xvct'tinc~drtnCra (EartnYi;

xvcptp~ag := Sqkt (
Sqjr CAVcPtln~artnCrdj Lr-artnAJ - meanF*artrx.) +
Sq~r CxvcPtIrnEartnCra L'martrnx] - AeanEcrtml) +
Sqr (u.5 * CXvc~tlnEdrLnjCrc (LartrnZi - ean~artnZ)));

Vehc11o~artnrans;Aatrjx, kOtaL EX) LXJ ;

(AVCPtirnEdrthCrd LEarttiXJ - mednE-arths) /Xvc~tK-iag;
V.ercl11ocartn'iranSr~atr1A, aKotat CX] LYJ 3
tAVCPtlni.artrnCr~j jLartrfi'j - meafltdrtrn) /AVCPttlag;
VehclTo~arthrrans.4atrix, Rc'tat- EX] LZi :~0,5 *
(AVCPtlnEartnLra L~artt'ZJ - ,meantarthi.) /XVcPt~iaq;

vencllot~artnlransr~atrix. Rotat. t Y I LAI b~-~in (VernclYd');
VencllotartnlransN~atrix, k<otaE (I) EYj Cos (VenciYd*);
Vemclior-artnTrcns'iatrix,. RotaL L~i LZJ U.0

Verclhor~artnTlransliatriA. t~otac IZ) LXi :
Vehcllorartnlransmatrix. Rotat [A) [Yj
VerclIoLartrilransmatrix. r~Otdt (1] LZj-
Vemcr~cor-artnliran'smatrix, Roctat CA) LZi
Vernclior~artn~ransriatrJA9 rhOtdt LYi (YJ;
'sencljoF~artrV~ransAa~tri^. Rotat [Z) CrY)3
Venclfor~artnTraflsratrix. m~otat (A) (ZI
Venclloc~artn~rans:4-atrlx. kotat (r] LXj
VenclioLý.artrvrransl*iatriA, hOota [A) Lxj
Vehcliot~artn~iransenatrix, rKotat (Yj LZJ;
Venclior~artnTransmatrix. Ro~.at LZ) LZj :
Vencliot~artn~ransmatrix. Rotat LAI EXJ
VencllEartnTrans,%atrix. Rot-at CY) LYJ-
venciio--artn'Iransi~atrix, rkotat LAJ [Y]
'VehCl~jot.artnirarnsmacrlx. t~ouat Cl'i LXi;

Vencliot~artnlraflsmatrix, Irans LX] 3 VehcIF.artnX;
Vernclio~artnTransMatrix, 'frdns Lif) 3:VeticiL±EartniY;
VenclIo~artrVlransmatrix. Irans [Z] : VenclAltituae + Zintercept +
F~drtflXCueff * VenclbarLMX + tLartriYCoeff * VehclE~artt'i



E .D

biG IN

CalcPus5je~jUt~ rd!iirot~irarnsmatrix f
x'ncosr~equti r.Jn!' IE ar hcrd , vehClxot, artri Iran sNkt rix)

VehcI..art;iX : veicliposL)et-ut~rdfliIA.Xl~artlhCrd. Irans LAi ;
VencI,-, ar tnY :V rcIPse~frwýtl-rL~ a. *ir ans LiJ ;

venclfa* Venclkos~eqUf ý roarwvtý.r-a r Lnr~a, 1FOLat L~dswj;

P rA1VeL : e tierc ILin Ve I nv erncCro LVehclIXJ;
SjoeivŽ e~ I ec~nv )ec~ LVernclx ;
turtivel1: VericlAnqVejIn',ernciCrcý [VeniCiZi

vencl.sodylraj. maxjdyjtt.Ldx := V;

V'eticlwjiy r aj , Vehc Ida ybtt~s Eve oc I dylIr a j. m.ax rdyStt.Ldx) . fire!: Cur rntlirie;

v'erc1.,dylraj. Vericloay~tts Veoclrocylraj, MaxLdy~rttlox).

C~icVenclcbaj'raj := Irue;

IK
(ýr-.ove' <>(.) fl*) R (Sidevei. <> (,,C) UK< Viurnvel <> 0,0) OR

(r r (nýcclqs t <> 0 ,0 ) W-k ( 31deACCk(4S t <> V ,0 ) L-k (I urnAcckqst <> 0 -0
I 1

verc~rsdy'lraj. maxiroy~ttldx ':= Venclt~dyTraj, Iax-icdy~ttl~dx + 1;

C'-jlcr~eovencIPos(
venc1.rartP, vfenclEartnY, vehc1'~d*,
SI AjV e I, 6 1 de ve I, 1 ur n Ve 1,

* FrocJAcckqst, 6.-ioe"cckqst, turnAcc~qst,
N e oLv e 1C.) IKd Tth X , N ewV e nc IE a r t hY Io4e * ve ric IY a
1veV:r oaVei , Pt'ew5ioeVejp, N~ewiurrvel,
1 i n e I iic rl. i t)

VenclrndY'raJ. VehcldayStts 1Ver'cltaylraj. Y'axrdySttldxJ, 'f~ie
Venclhdy~raJ. Vehclbdy~t~ts LVehcir~ayiraj, Paxody'.t~tldx - 1J. lime +
I L r e 1 n cr rfr n

Cdj~cVencIbdyTraj := Cdlcvenicil'otarLni-rans,, atr±ix
rie*wenciL~artnA, iNeoveiic.lrarth~o Newvencia~*,
'enflcMcy'reij. venclrody'tts ILsehclbay'iraj, !/axdySttIaxJ,
V eflC 1oLa r tnTrans *,a tr lx);-

ýr*-jVel %~ e*FrwdcVel;
Sle6evt1 q~.e*Sioevei;
luroVel :w ek7urnvel;

Venc1tartnX :~Neovet~c1Eartnx;
ver~clr.artnY := ?e*Vencl~-arLt-iz;



Veflclya* := 4e#Venclfah

U-41It.. ( r.01 C,3icvenclfcytr a j uh ((vencitiayTr aj
VerncludyStts LVenclcoiyiraj. mxtidySLtldx]. lime - Currntlin~e) >
GjidjAlortorLxeclntrvI);

Ii Ca1cVeflCjJdylraj

It (Fr'waVel <> 0,U) Uk (Sidevel <> C.UQ) OR~ tlur , Vel <> O,u)

Ifit

(LAcs (Fri~tVel) >= Aus (6ide'vel)) ANm
(AD~s (Vr~a1~el) / encltdxiransAcc) >=

(4rs (Turn~ei) / enclMaxr~otatACCJ)

ýr,.-j~ecli'1st :V- encim~axirarnSACC * Frwovel / Ar7s (Frwcd~el);
Slaef~eckh-st :~-venci'icaxransi~cc * si~ceve / Arcs CFrwoVei);
l'ur;,-iec~KQst :~-venclc1Ia~xotatAcc *
(,urnve I / Veric I ; axtot at #4cc) / (Au s UFrA ave I) /Vehcl1', axTi anshcc)

EL.

(LAriS (SioeVel) /venclI',axji-ansAcc) >=
(mts (TjrnVel) /VencJ)axi-,otaLAcc))

Frwobeck,-st :~-venclt.axi~rar~SACC * irri'elV1 Atns (6icleve.l);
Sideoechqst :~-Vencl1ýaxlrarsAcc * 5ioeveJ. Ars CSide~ei);
lurnl~eckqst :~-vernc1maxotatACC 4
(iurnvel / verncimaxtiotat~cc) / (Ats (.3ioeliel) / VehcjftxlrdnsAcc)

F r w Ue ci<1 s t v~ e vri c I ,a~frar~sAcc
(F'rwdve1 / Vencl!,axlrar~s~cc) / kAo.s (lurnVel) / VeflcjN~xkotat~cc);
SioeDecmqst := - *vencliv.frrdrsACc *
(SioeV el / Verncimx'xrrdnSACC) / Aos (iu~rr¶e±) / vehcjmaxo-otatikcc);_
lurnioeckqSt :~-Verncl~aAkoLatACC * Turrvel /A~s (furnfleL)

Jr r'r-dVe1 <> 0.0

Geciili~e :~ADS (FrwaVel / krwd[~ecýNqst.)

It bioevel <> 0.0

P:eclia~e :zADS Cbide'vei / sicelecrqst)

Decl'ioe ADS iOsCurnVel / urno1ect~qst);



Vehclbdd1,Traj. M'axi~aySttIox := vetiClibdylzaj, hd)UzdySttlalx + 1;

Calctiew venclPos (
Vernclt~rtX,, Venc1lý.rtnY o Venc~iiaw,
Fr~dVelo SloeVel, 'TurnVei,
P.r*aT~ecRcst, Sideuecpqst., lurriecRqst,
Ne* venc itarthA, New veiclC1rthY, NgewVer'clYaw,
NeýAerwovejo Neh~ideVel, ive-wurnVei,
I£RreTncrmmt);

VehcibdyTraj. VehclBoySti-s LVenclf~dyTra). MaxtbdySttlax], fitme
Vwehclo.ay71aej. Vermcli~ySt~s LVenCltioyTraj. 'axbdJySttldx - 1), Iiii-C +
'1 in elncrmnt;

CdicVer~clbdylyraj := Caicverhcl~o~arirMTrarswatrix
I.e*VeoclcLarLhA, i-ew'~enc1rarthY', iNe*Venc1laA,
VJenc16dyrTra).
V'ehlc1dStts [2Vernc~oyTrdj, Paxtbdy~ttldx~J , VericlTo~artf'(rars~atrix);

F r*,dVel := e ~ie
SideVel := ,4e~bioeVel;
I uriVel :z %eoi urriVel;

Vet~clr-artryx :ý~e,-VenclEesrth~X;

UiJ.L ki(iC Cajc~erncit~dy1rdi) tJk (LVer~clbd~ylraj.
vehc1edyý;tts i.Vernclidy'1raj. !Mdxiidyjttldxl. Time -Currntliire) >
Lý-,u1iAli)rthwExeclntrv1 + uec'lir'e))

L

KCI1C. Caicve~cj.Lerjs'rajs(
ýecltca1raj: Venc1.,dylraj'r ype;

venclci,eqsotts; venc.lLe9s~tts'Iype;
vp;)clue~js~rrnos: VehclueqsUrinos iyue;

e.jtor~eVerncl,eqs~tts: VeoclL~eusSttslype;
Leflrcdjidx: AtPAY [Legs) uý .znteoer;
LeOSUlJt~fiir~itSldXS: AxhAý EL~egs) uV Integer;

Poten~id1 vericlLegs~tts: vetnciLegJs6tts1fype;
Leos~arrieLittecl; tooI ean;
t-! lrILefj(;CLJtf L~i itslIox : , nte jer;
L eg AinLeg~ThtU!fLjrrjts: Legs;
VIerClL~e-41raj: VeflclLegTraJiyLpe;
Leq: Legs;
Vtflc1Cral3x : veticI~ro;
E-irtthCro]ux: tartnCr(i;
iuyALlox: Integer;

j~CI1~aveocils.5tauleC



Vencd io-artriTran~sI,,atrix: Transm'atrix;
Vermc1Le~jsotts: venflCLegsSt~tslywe) :
booi.ean;

-v intabilitykarqin =0,5;

vehc1CG~r,L~artn)Crd: PtinI~2artnCrd;

~t-toC6Stao'ýrqnArc: rt~ea1;
i'c1OCGAnOlePls# k1LIoCGAncjlemns: R~eal;
FtToCGAnsgIeP1sTst, iVtToC(,MI)glemns'Ist; iBoclear;
TstuLneSlope: keal;
Leg, utnerbeq: Legs;

2rnstrnPti'oj-,artiiCro~ rvenclCrd
V e n c 1 C GIn ar t IiC rd, V e ncI I o n a'tffr aranS ltd tr ix, V e h c IC(,nVe h c IC r a

Venclls~table T= rue;

Fuk Leg k~ ~tut TO Krk t LDO
1k v enic IIs~ta r Ie

ir ýen~clLecsstts tLegi. Spt.ott Support

F'LToC~ 3Ustnc := Sq~t
;j~r 12
veficJCC,1rartnCro LEarthAJ
vernciiuegsýtts [LegJ. Posin~:artpcro Lr-artr))X)) +

v encICG I n -a r tnC rd L[Ea rt 1) YJ
vericluegsstts (LegJ. PosinrarthCrd [EarthýJ));

IF F'tlcCGustnc >= f-inotauijityparqin
'I *-I 1-.-

ýt'IoC(.~nae := Arclarn2
VehciCGin~artnCrd Lt~artL)AJ
Venc1Legjs~tts LLejI). PosxnErT~nCrd L~art!-XJ,
Verc1CGinIart',Crn Lt~rrjnij -
'derclbegsStts (Le-a. PosinEartnCr6 (j~artnil);

i t1oC'%ThtauM1'.qflArc := Arcoin ()i'rbtavii1itýyMarqn /Ft~oCGt'stnc);

irtJoCk'AncqePls ;= ýt'IOCG~ngle + Et'1oCULSaotrqrjArc;
IF rtIoCGAntglepls >= .3.(. * P1 / 2.0

F L'IQCGAr)Qlefs := 'L'IoCý,Angleels - 4, PI;

FtToCGAnqlePls~st := Falbe;

1IF Cos CFtfoCGAng.lePls) <> 0.0



h A~I N

'IstJ.ireSlope := Sin (FLIOCCAri gle1PS) /COS (FtloC~iArige?1s);

If' ItlOCGAnq1ePls < P1 / 2.9

StG i '4

FuJP Utheri.e,-j := FtLt 11, PHrt uU
IF OtmerLeg <> Leg)

If verncJi~egsbtts EutrierLeyj. Spt~tt =Support

FtToCAriglePls'lst := et'toC(.,ArigicPlsist OR
(vericlLegs~tts [LtnerLeyi. PoslnLartrnCrc Ltartn~l >=
VePcILegsstts [LegJ, Poslin~artnCra LEarth'iJ +
7StLirne61oIpe
('venciL~eqs~l,tts (utheri.egJ). Pos~rnEartriCrd LdrtrmXl -
Vernc1LecgsStts (i.iegJ. PosintdrtnCrd LkartflXJ))

E Li5sE
B . G P,~

Ful- ('therLe'q := FtLt IC Hr~<t Uu
If' LtrierLeg <> Leg
I1 ri F. ,.
IkF venciLegs6tts [Utnerueg). 6ptstt = Support

Ft~oCCAriqiePislSt := ýttJoCGAnojJePlisst Uji

VehC1Leqs~itts [Li.eg!. PosiiuearthCra I.JartnY) +
lstLine~lie *
(4enclLeqs~tts E~tnei~e;J, k'oslnE~artrCrd (EarthXJ
VehclLe~s~tts [Leg). PosInEartnCra LikartnAJ))

d~ LX( I N~

li 6iin (FtToCý.,AnglePJlsi > 0.9u

fiUF OJterLeg := Ftbt I~ Rrkt. 00
IFi GtrnerLeq <> Leg
T ri r .
IF vencicleqs~tts [Utrierkeqi * SptStt SuPport

FLloCGAriglePlsTst := FtloCGArn1IePlslst UPR
(vericiL~egsstts (CtnerLegh1. PoslneartrCrd ttldrtrnAJ <= 0,0)

ELSL
H~ L c; I

F; fltherLe.j := FtLL IL Jkrkx DO
IF OtnerLeg <> Leg
T -



IF venclLegsStts LWtfieiLegj. 5pt~tt=Supr

PtToCGAnglete1sist, := FtloCG;Anglepls')st tI,H
[VehC'lLegsý5tts EUttierle-,J. , Pos~ntarthCrdj EUarthX] >= v.0J)

i tT oCGA rcip1e irns :=Ftl o(CGna I + F t oCGS Lac' rq rgnA re
If ~t IOCGArnj 1en s < 1 .
T ri F i
FtloC(;Anca1er-~,s := FtIoC6,mnglei-ns + 2,0 * Pi;

itToCuArnglemns1sL ;= F~alse;

It' Cos (k cToCGAjnglemns) <> *O
T' ri k:

btý C .L

7stLidie3lope := ý:,tn (tiIOCGAngJlemnLs) C os ktFtoCt..Angle';rs);

IF FtloC(GAflge,,fl5n < Pi / 41.U

EýLGVI-

F'Uk UcrnerLej := FtLit T(, Prht DUL
IF~ utner~eg <> Leg~

IF venc.L~egs~tts LCAitveI ieq)J 6 ptStt =Su~p~ort

Ft.JoCGAngie:',ns~st := Ft'ioCG(knwlc~mnsIst Uý'
(vericIuegs~tts [CtherLeyJ. PosiniartihCra L'arLhY) <=
VtehClLegsrt~s k~gj Posin~drtnCra iL.arthiJ +
Tstbirne~Iope 4
(Venc~iliegsStts (Litney-LegJ , Pos~nt~3rrLMCrc L~-drtr-iA]
'dencli~ea~sStts Lje'gJ, Pos~ritarttnCrc LEajrrt.XU))

FO)R OtherLeg := i ti~t Yr Rrxt. UL
JIý ttnerLeg <> Lieg

It vernc.Legs~itts LUtiier~egjJ. S~-tStt 6ur-.,Ort
j H ~y
Ft~foC,"An~e'mnslst, := fr't'oCGAngleminsist OP~
(OericILegsbtts LWtherLe.JJ. P~osInkartrCrd [VýdrthYi >=
vehc1LegS~tts [Legi. Pos~lnEcartb.Cro tEartriJ +
TstL~ineblope 4
( venclL~egsstts LUtnerLegsJ . PosIn~artr'Crd (rtarthxJ -
VehclLegsbtts LbegJ. PosintdrtE)Cr(i LEarttPXJ))

E f, L
F ?lc

IF Sin CFtToCGArgjemrns) > C.O



FOR otnerl~eg ;= ettt TO ffrft DU
It UtrnerLeg <> Leg
T ri Et
Ii venclLeosStts (OltterLegl. * btStt =Su~ilort
T i Fi.~
FtloCGAnql1erpnsl~st ;= F'tToC:(Anolqemns'ist uP
(VeficlbeqsStts [(C'tterleyJ . klosInEarLhcrd LL-drtrilX >= ~J

t LSL

FGH , ItherL~eq := P'i.r TO Rr~t VL
IF fitherLeg <> Ljeq

IF venclflegsstts [ULnerijegj. ~Sptbtt =ýup~lort
T , -,
Ft'IoCiArigle,,lns'Jst. ;= itfo UArizlefnsist Lik
(ver~c1LeqSSLt.S LL-tflerieq.4 e-'siriEartrCro [E.artrnAl <= i~;

VenclIs~tavle := e t roCGAiiqlePls Ist AfNLu r t IOC(Ang Ier'ns'lst

FVji,.C'f 10 -'Leqj oothol.iF ourdCi
CurrntHwyc~ttljx: Inte*;er;
Vencl;ýdylraJ: Venclboy*1'raj'lype;
Leg: We45;
uegPos~nEartr0Crd: PtlnbartnCrd;
v'Ai Vehc1Le.Jlraj: VencijegJr.aji'ype):

cidx ve ,)c 0 Id x 4;
frlfldericlXldx -4;

!vinvenclYldx -2;

m-xVericl.Y ic I 1

V AK

C.o.rrentTi~ne: R~eal;
N?,r'1&.xt Fhd InVehclCro, P tt11,4x t~hdIn VencjCr F Pt InV erhclCro~
CurrezitFhaIlnPlrthCrd, Prtti~jxtI~rcln artrhCrc: Ftlniv-arthCro;
Leg~tn~ drt'IXLst, Leytnldr~rLn1st; Real;
LeqthtnýarthAYust: 1ýeal;
LeqhtnvarLrjXYintrvl , Leg~tohtjrtriA~lr~trvls: Inlteger;
Leqtn~artrXYos~lnc: R~eal;
Le(g,<tn~artnX1)stInic, Leghtfic-arcoyDstinc; fýeai
Lftttjev, PIc~lev: iteal;
EarthAPos, iLartnYPos, EartnZpos: Real;
1stCurrencF n'lnLarthCrdf 1stPtt j~xtf~i~ndlEartmCrd: PtIni art lcro;
viehclXYloxc, VehClAldX, Vencillax; JInLeger;



FulvCTICOh Future.'idySttldx(
vencinoyTraj: Vehclr~uyTrajfyo.e;
Futurelime: Real):
In~teger;

(F-uturetodySLtldx <venciriavira). Niaxdoybtt1dx) A:~L)
(iuture~iire > Vehclreoy~rdJ- Vericlbuy~tts LFuturet:iyz~ttlixJ. 'line) Du
FutjireiioyStt1ux := I'utureibaybtt.1dx + I

bEGIN

Currerjtliie :~VerncIay~rrdj venclody.Stts [(,.ujrrrttcy,,tt1C~xJ n

CA3L. Ley iUF

FLUt, Ftkýt:
in rLv.,xtiFno~nVethc3CrcI [VencLIA): Vencl~tr~overncll' L-eqs + 2,u;

CrItý, Crkt:
Noi~if.L~xtFho~nvehcli~rd (Vencix] ~V'enclCtrlcvehclCrLecls + 2.0ý;

Nvinijxt~n~ilrVeflclCro (VenciX3 :=veoclCLr'.ovencit'rt~eas + 2,

E. ii

Iti j~ec) = Cri.t
T ýl F -

,N;,nI .'x t ýh a Irnv e Mc IC d L ve c) c j : V en c IC L r fo vet)c 1L t Le as + 1.25

ivN;r.Vjtxtf.jIf)VernclCrj LvenciYi :=Venc1Ctricoiehci1,tLeQs + u.b'zb;

IIý Ley =Crt'.t
I ;I r v
;. ,rr.',tiriu~r1,Ver)clCz j (Venc.Li J :zVertic Ctr ioVe tc I 14Legs - 1. 25
E 1 5 E

No rl% xt Fr)31 n Ve hc I(:r d I(Venc i YJ V ve ncIc tr io Ve ric 1týt Lea s - u o 2 5

ýionj'1.xti~hkdnVefhclCro LVebciZ, := 0.,0;

Leciootrio].d~ourd := idlse;

F.nH 'ver'clXYldx :0 TO MaxveoclAxlox D)U
jVjA Vermcl~lox :=-VenclX'iidx TO vericJ.Allox CUG
let' Aos CVericIYlox) =VehciXiiox) A..iu



(e!)clYldx >= Min*Verncl.iox) u,1L, (Vehclxcixix <=1axvehCl1YaX)

ýk.J Verncl1adx : -Ven'clXYJlux 1CJ VelclAildx ['UU
IF (Aas (VenciXldx) =VehclAilaX) Ai.L)
(VericlXldx >= minVernclXjdx) A'db t'VerclXIdX = fraxVernclidXl)

IF, >ýUi, LeFootholaFouna

P~tjP,1xt~h-)InVehc1Cr,, L'VenciAI
voi'n~lixEFnaInVenc1(Lrc iVencLk) + VeflclAIcdx * .0

le ocio (Ord (leg))
'I ilt.ý
P~tt ixtI~nhdnVehciCrd LVehci fJ
w!,nlr.xtFnaog-iVehc1CrJ CVenca3 - venclylax * 1*C
E 1 5r.
PLL1P-xtFflc~LiVehC1Cr~j [Yel~c~i J
fý,'n~jýxtFnoriarVebclCra L~iencj.LY + vefcllC~dx * 1,0;

PLtLi'xti-ra'rorVenc1Cro ('Venc.L3 :z
Nr.to n I xt noInV e n cIC rC C enci LJ ;

I rnstr~tlot~artrnCraerVenc1Cro (Pttii~xt~ r'dintartoCrd,
Vencifhdy'Iraj, Venc.ididy~tts [Futurebdo'bttlax (
VernclbdyTra], Cur rentTime t~ Lea-ttrv~injj.
Venclioit.artnlranrsi~atrix, PLtliNXti~nllnVehc1Cra);

P~ttj.xt~FluirdarthCra Lbart.UZ1 := irroý tind (
P~tti'xtihal ntartnCra Lr-artnAj , Pttl!1xtFndinLertr)Cri ft~artt)YJ)

it' P.ttj'dxtFnrvlnE~rtJCrd LEdrtnZI <> 1ýoj~atkpald
1 .40 '1

It i't nbiniits (Le j, PttifixL Fhal n~.rtrCrd,
vencpi:oyTraj. VsercJlodyStts [FuturewiySttlex k
V enclcidyl raj , Cur rentL ir~e +t Leaktnhiirr)J
Vehcl IoF.artntrans.Aatrix)
fI rý"

t3:G t

C~jr rentF ho ln~ar tr~rd Lr~drtr)A) :
Verhc1Le%1s~tts t(LejJ., PosinEartfiCro [Ea-trbAJ;
Cjrrentt rllnkdrtnCrd [Ertrtbx] ;=
vehclijeosbtts [LeqJ , Pos4LnF-arrn'~.rj [EcrtrzJ;
Current boln~artnCrd I t-ai tr;~ :=
VehciLe~jsStts LLeg). Posirn.drtrnCro tEartnZ);

LegktnEarthAOSt :
PLtXNXt~tidldn~artA-Cr'J LEa±tr~AJ - CuI'reflt~tnalniart~nCra I-rthXJ ;
LegktnEarTruiDst :=
Ptt!Nxt~ha~nkdrtn-Cra LkLartnYJ - Current~hdlr~.artnrfar fjartnlJ;

Leap~tnkbartfAYbst :=
54kts (5,4r (tLegkLnk-artnXiAt) + S-Ar (Le-yRtrnEartriYi~sL));

ir Leg~tnEartnAfl~st <> (flU
T r-i t~. .*i

B L C I N

L~egktnE'arthX~lnLrvls ;



Legktnr~artnAlifltrv1s := LegritnktarthAY~fltv1s + 1;
LegktnEarthýL~stIflc := LegIhLntLarthAiEst / LeqRtnEarthXYjfltrv1s

Ui.!tfiL L~egktflEartfAYFbStiflc <z U.5;

Le~ritniarthXDstlnc :=
Legt~tnEartlxYbstiflc L egktri~artnfLXst / Legiktn~artnXYusL;
LegR~tn~artf'l~st Inc:
Lert~rtXotn i~egr<tnt~artflxDst / Legk'tn~arthXA)st;

LttLlev :~CurrentFhdIiicartflCrd LLartnZJ;

FOP Len~tnEarthXýLfltrvi := 1 'Iu (LeqRtn~artflxYlntrvls- 1) uO
SL GIN4

£.artliAPos := LurrenLe<fldInEartnCro [Lartb.AJ -t
Leg~tnFEarth)~ iIntrvl. * LeQRtflrartnAUSt mc;
Eartti!Pos := Currentr'noinpartnCrcj Etrtn'fJ +
Leakt riarthAYilntrvl * Lecktil~ar triYstinc;

EartrnZPos := Irrntlev LI~artnAPcs, tarthxFos);

IP' izartnZPos <> ho~aL~eal

le' (F.arthZPos > Lft~>iev) AND) (LarthZPoS > Plc~tlev)
TriE iq

Pick~lev :t arthZi~us;

ELSE.

IF
EarthZPos > (Ltt~lev + L.PIci~iev - Ltt~lev)
Legt~tn~arthAYiIntrvJ. i LeaKtn.nrarttnX'f Intrvls)
I Ti L.i4
IF zrartthZPos > LttLIev
T i E,\,
Lttrlev := PlcElev + LEartnZPos - Pictlev)
LeaktnEarthAliInt~rvis/
(iLegqtntartrX'fIntrvls - kegktriFartrlAX irtrvlj
EL~St.
Pictlev :~Lft~lev + (EartnZPos - LttElev *

Lesht nEarthAlzintrvls / iLeyt~tnbartflA i ntrvl

'IstCurrentFhdInLartrnCro := Current~id intartoCrd;

TstCUrrentFfldlnEarthCrd Lt~artflZj := LftElev + 05

'rstPttl;,xt~ndin~artflCro LLartnZ1 := FICLleV + 0,5;

L.eg~ootholdFOiflc :=
Ft.InLimits (Leg, TstCurrent~hoiueridrthCrdo
Vehclridylraj. veflcltbdijtts LuturebdyottIUjxC



Vehclk~mylrajo Currentt'lrne + LeYLftTirr)J.
VehCliot~artflTrans Matrix) AN[)
Ft1n{~irits (Leg, TstPtLlNxtFnolnEarthCro,
venciz.idy'fraj, vehclk3aybtts (kuturebdy~ttICx
Vehc163dyTraj, Cuxrentf.rie + LeqRtn~irr LegPlcTim)],
V e ncli o .a r tnir an s ia trij );

IF Leq~oothold~ounc
I iiE P.
h.iTr venc.LLei'fraj DO
BE G I P

Lftlime ::Currentliorte;
Lftteit :=fstCurrenLrjhdlnk~artnCrd tLarthZJ-
Curl rentýhdln~artnCrd LEar tnLJ ;
Picli~ne := Currentliw.e + Leg~tfliHi: - Leg~ic'rim;
IrnstripPtlovenc±CrdP'rEartn~rd (~PjcPcsjn vetic1Crdf
Vencltay'Iraj, Venclbdy~ttS E~utureE~uySttlox C
\VenclbdyTraj, Currentlinfe + Legiktnhlii - LecW~lcTirn)J.
Vehci~oEartnTransf-ldtrix, Pttfi(xLI~nld~fldrtflCrd);
Ctt~irie := currentli"'e + Leq~tn'ria;
Ctti1qtmin := 1stPttirixtFrh~nr~arthCrc 1ý-arthZl -
PttI~xtFhdlnEartnCrd [E~artriZJ;
CttHgtMaX := iStPtLl~vxtP'ndint~arthCra [tartnZ] -
PttlNxtF~hdjn~artnCru LE-arL[)/J ;
NxtE'nolnEartn(-rd :=t~ttNxtFndolnE~artoCro;

E P~

FUqLTI'].. Le-jOutUfLimitsidxC
CLori nt~~iy~ttljx: inteyer;
Vercitdyi raj: Vehc1bciy Irajl ype;
Leg: legs;
LewPob~foizdrt~Cra: Ptlui~artnCrd):
Integtr;

V AR

FýUutUtLin-ILS: tjooiedn:

t3E.G IN

Leg1.ut~tLirnitsldx := CurrntbciySttlax 1;

Xi .A I

LeQLiut.GfLirnits~dx := u.egUuLutLiiriits~dx + 1;

Ft.oututfimits := ivUT F'tInL,±n~its I

Lea, Leq~osjný,artrCrd,
Vehclbdylraj. Vehclt~dy~tts LLeqOut()fLin~itsblJ(3
V en c l 0o.a rtnr Iran sm~a tr ix)

U'.TIL FLtOutuif~limits Gr'j (LeguutUti-unitslax =verclt~dy'rraj. t'Iaxidy~ttldX);



Leg.JutCtLimjitS~dX m 'axInt

Futurevehcli~egsstts ~vernc1Leus,ýtts;

CalcVehclLegslrajs :=Irue;

F'uR Leg := FtLjt Tu krikt Uu

Leq-Trajidx LLeQJ :~u;

CFutureveb~clLegsStts LLeg]. opt.3tt =Support) ANL:
(vericiteobCmnnds [Leg], 6PtStL =Support)

8E.GIN

Ver~clljegs'lrajs LLegJ, PaxLeg~rajlcx := -1;

vy IT ti ~ehc Leq s T r as L Leg J . V enc 1Legfrr aj s LOUJ L'C:
rý. G i ly

Pic'iirne := .o;
FOR VehclCrol(dx := Vernc1A 10 \tefclZ uo
PlcposlnverhciCrU LVenc1Crdljoxj := .0,

F!JP E~artrbCralox := Eartr)A lu r-art~nZ vuL
'Nxt~Fnldrj~artrCra tIrtnCidlaxJ ;= v.*0

E ub

Vernclle4sl'rajs CLegi. maIxL~egcvrajjox := 0

L[%L

FOR Leg : Rr~t ULuAW1 V tl~t [U

IF' FutureVer-Ac~leqs~tts L~egi. s'pt~tt Support
1 H E "

Lequut.LiLimitslux (0, VehCliiayL'raj,

Leg, , utureVeilc.LLegsS8tts ELegi. PoslnL~drtnCrd)

Ley.s~utdjfoimitslaxs [LegJ := mdixlft;

hhILE. CalcVetilcLegSirajs AND (naySttldx < Vehc~jt~y1raj, Madxddysttlcax) L'u
6L3 G.( I i'j



brjv,ýttlux := bdySttiox + 1

Futorelinwe := VencirciyTraj. oehcl dy~tts Lo-4ysttIoxJ, Time;

kFujk Leo := ikr~t D'h'uFtbt L) U

It r kLeq'iralldx. Ebey) <= Venic1Legs~rajs LLeaJ . Yaxý,eqrajlax)

1ý LýLiturevetmclLegJsStts LLeg). Spt~tt =Sur-port)

Vernclwegsirals [Leo)., VehcLLeq1'raj5 LLegTrajlax LL~eyJ I Litli~me)

iut-.irevehc1u#-s~tt~s [Legi. .Sý;tStt *a: Irnster;

if* (utureVehc1lbes.'Stts LLut4J. Spt~tt =Trnster)

(vutureiT~e >=
\el"clue'4s trajs Ljc1.1 veflc.t Leyl raj s Liue-4 raj lox L ,efg I Ctt I I'ej

rejtureVerhc1Leqsa>ttS Lueq-i, 5ptStt := Su[4port;
Iuture~ehclLegs~tts (Leyi, Posin~artnCra :=
Vetnch~egslrajs [Legi. vesiclLeylrajs LLeq1raj1ax Lj.e,;J.

L~eqrrajJix lL~egi := Legl~iajldix Lijey2 + i;

i~eqs~ututj~iritsiixs hje.jesj := LequjtuLtLiJilsix i.x

LtCQ, FuLure've!ciLeQsbtts LLec]. Fosirit~airtoCrd)

C61cVer,c1LpgsTrajs := vehciIstarnie L.
Venc1lciylra]. Vehc1~dyStts LrviySttldXj. VehCl1or.artfiTrans:mdtrix,

.Ir iAtcvenclLegs'irajs

PotertialwernclLegs~stts := e.utureVericiuegs.-ttS;-

LegsCaribeLiftted := true;

I' t:PvLA I

F'Ok Leg := kr?~t L'UA%(4iU FLLL G~O
le' LegsuuLO±Ljrr.its~axs Li~eqJ < ,,1rsi~egutL.tLiiritsJ,-x

VinLegC'utOtLipiitsiaX := LeasuututLinitsloXs Ll~ecj;



LegainLeqLUtCf Linits := Ley

IF fijnl~egjuLOfLipnitS~dx < ',.dxifLt
I riE'.
be"G 114

FotentiajvehCih~eqsStt-s (Leol, bpt,-tt := lrnster;

IF' VehcllSStaole (
Veticlody'lraj, Vencltc1yjtts L±boySttlaxi * Vercl'ioLartn'jransmatrix,
P oten t.ialV enciLeg sSCts)
I lif,4
IF LiecjFOOtnoldFoUnd(
tedy~ttTdx, Veiclbejylrai,
Lego Potentia1VencILegs~tts Lbeqj. PosInt.artflCrc,
VehciLey'lraj)

VehclLegslrajs [LegJ. Ndxi.e,4irajJlx :
Vericlbegsirajs [Legi. ýidxLeglrajjax + 1;

VethclLeyslrajs ELegfl.
VenclLeyTrajs LVenc1liegsirals LbegI. N~axLecj'rajldx) :
'venclu.eglraj;

Legsflut~jfLiaitslaxs iLey)J := maxiant

E N~ C.
E LSt.
EHIGIN

PotentialVericll~egsStL5 [Legi. Spt~Stt ::Suport;-

LeqsranbeLifted := rdlse

ELSE

t.G 1 fv

PotentialVencILegsstts Li~eyJ. 6pt~Stt S uýp~ort;

LegsCanbebittedi Ed ise

CalcVehclbeqs.lraJs :1407'

((Minlje.jflutC~fLirT.itSIaX bdy~ttldx) A:~LV (N'LV1 LegsCanheLltteo))

E 1,

UwT1L (Min~jequut~fJlimitsldX. max~nt) Oh (Null LegsCant3e1lifted)

ENPI

E~L;

~ ,IN



iErd4InGý'rationPtr. SezAdojr 3=bi9C;

brd4InC,-eratioflPtr*.IjtfAaur 3 d

Era41n~peratIonPtr* At~sAddr* F=~alse;

iirclln.OferationPtr, SegAddir := iyt;
t&rcaInCperetion'ttro UtfAaar := 1;

tirosl4Cornni,,alet¾Jfter~usy~rorn~frd4?Lr. 6eý4AaOr 81~389;*
r~csI4 nmIdIeu e uykm-ra4ir OttAaar ' 1;
cis4u~lleu ruyrolnbralk'tro SeyAoar :: 819;
Zrs4o-llPufrbsernri r U~ttAuor := U;

or as1C*~l1ieutruy'oi~d4t AoSAoarA * False;

br~jsI4COrTir~ttF~ufterPtrFrofTrd-r4PLr, SegAadjr 3:bldb;
cz .js14Cor-,'4tptt-,uf terPtrFromt~ras4itr, C~ttAQar 3:P
iiircsl~iCon~iIolejiufter~trvrotT~br~i4PLr, SeqAddr 61 b8b;
tiraal4Cocrnleku re~rrr-r~~r iýtfA~or 4 4;
61 osi4C~mr~lnptr ufterPtrfronT.r.i'Pvti . SegAddr :=b1bb;
v r cs1 '4C or -i- Ir) r ,tiu fte rP tr f r ()n, 3ra 4 P'tr . 0 t±f A ar :.0

t~rdjsi4Con- ,CtptrlutterPtrr'rorn~rdlPLr, SeqAaor :z o16~7 ;

vicsI4or*-ttutf rPrfo~.,dIPL UftAoajr :=
cras I 4Con iTlj ebtfer Pt rrron:r~ra l~xr , seqAour : =bI o7;
srosl4ooJjeutrtrrpdo~r ( VtAaar ; = 4;
o~r csl'*(n',n~n rptr~f erPtr~romr~ra.iPLr , SejAdaor -0= ,10 ;
orasliCoaiT npttufterFtrr roaiT3rolPtr, Off~aor U;

itros4 I Con .lcle tkt fer~usy Froir~trri4Ptr o Se,-Aodr Sub
v ro s 41ConI a Ie6 u fte rbus yr rttbru*4e-c r . U ttAao(3r I 1;
tr,ris4aC(.crriuleL~ufterr~usy~ro~ritruilfrýr. SecqA~ior ;ýo~b;

t6rns41Cou. ,'Ioie Jfierhusyi~ron-rtrltLr, UttAoar :;

tr~rds4lC iiC tptbufxerPtr~rujTtord'&F~r, SegAcur ;b095;
bros4 iCoa,,*LtptL~ufferPtrE'rourbra4FLr, Off~cor 6;
HrS1O!lie~ferterr-icr r.1 Se qA d r r b 0Y95 P
brds~iConý-Icle~ufterPtr~romarci4f-Lr. OttAoar 4;
cros41Cont.'Inptý'ufferPtrfrumt~rd4PLro SeyAaar t)(,u95;
L'rds4lCun,,1r~ptb-utterPtrfromdroj4Pý-r. OffAaor ;.=

r4 r as 4 1Co nr:,C tpt u fe r P tr fr on, 3rjd IP 1r , be g ACIur =tiu94 ;
trds4ICon t(tLptoutterPtrr ron.tircl~tr, Otthoor d;
t'rdsqIConF~lulekitterPtrF~roI~dro1Ptr. SesjAaar bc4
tras'i1Con ri le uftert~trfrogi,6rd.iPr, OftAocar
vras4i CortrI pttbuf ter~trr romora1PL~r, begAaor t )094;
crnr,41Conrfl ný:ti7pttterPtrr'roArsrdiPtr , Oft~Aukr U

trdrs4)Currý,tCtptV.ufterPtre ron'mýrc*.Pi-r. Az)$Aao.",r SegAdar 3=7711;
Liras4lCorIý-ýVtptufferPtrirro~ru'*k'iqLr, AcsAa~rý, CttAcar 3:0;
rrSlofllr~trjrrr.rji*r AosAuarA, SegAaar 7 7211 ;
v~iLs 4 Corri;ilalefluffrerPtre rornord4e.'Lr. ADsAodrft CtiAdar ;=

tŽr~s41Corrr~rnptbufferPtrerondtroi4Ptr, AosAooro, SegAadr 6-711l;
rd r as 4 1C onriI np tmu f f e rPt rFroln tra4PPL r , Ar)SA~aa",CtLtfAd ar = 0;
h~siv.,(ttute~r'o~ri~r AosAc~ro, SecqAddr :-bb7J;
tr r,.LL -t LerPr rro~raIt ADsAccrft, C~tfAoar v ;
., r1,1c 3r AosAodr%. SegAdar 9: -173 ;
r5r , r -:IaIetufterPcrkro!L AosAunrA., GtfAdar 0 0;
6 4IC r,.!IrpttLjtte t ' rr AosAonr*, Seg A d r -4 73
L~ros-41CorT,,'InptriufterPtrrron~ro1bralr, AosAaara, GftAdar :

r r qs /4 1C or onI1e t5 u f er P tr irOnd~r 04P Lr , Ao5Aoaj^. AcSA~or *% iyewLiata := False;



Srdsb4COfrrrCtPtHufferPt~rFrorT;!3ras Ptr. AOS~Aar' :
drosiiCor iri~idekH.ufterPtrfrorrtrjr,ýiPtr. ADSAoarA;,

dros I ,Cort;.Idle jufterPtri~'zonidrQiPtr, AOSAacr^:
tiros1,Con ~rTe"rt3ufferPtr;

tdrds I 4Corr.iII diemuf ferPLrý ror i~rda4Ptr . ArDS A doy* AIDSAdd r^ New Data :
kaI ase;

6rds14('orrii.Icfletiufferbusy~ rouiiurd'4Ftr, AbSAadr- := Ealse.;

v'.lI~i orlsl4Comr~uitptbUtferPt~reromibrd4PLr. At~sAddr^, AosAddr" [~u

'lransve.lRq~t,4ag :=SqIt (Sqr (E'rwdVeikqst) * SQr C61deVeji~ost));

I1 'ixarsVeli~qst~iag <= Vehclv~dxl'rans~el
*1 rl EI.

Veli~ecFctr ;~Vehcli'iaxlrernsVei / TransveIk~qst!.azJ;

.ný lurrv~el~qst > VenicimaxkotdtVel

le LVeltcl!maXRotatVel J/ rurn~eli%ý.st) < velkeofctr
'I fi1rl

Veli~eJFctr := VehclriaxRotaLvel / urrive1Ikqst;

TranSAccIkqSt~aq ::S'qtC
Sqjr (F'rwdvelRqst *Velkedf'ctr -VerncILifl~ellrvenc1Crm [venclXJ) +
S,,r ( 0' ie vel~qs t *'elkeoe-ctr Venc.iLin~el i nve~lc iCrd L SerclYJJ I
Guin A.Ig rtt r-Cxec in U vi '

le ji dUsAcc~<qstthag <= VeM'Cj-d.XJ iansA~c
7 f iE'q
Acceie~ctr :~1,0
E b" L

Acceitp. ~ctr :~Vencl-Aaxl'ransAcc / fransAccf~qst;mag;

m.ot~it~cc~qsLmdg
(1uznqeikqst * VelF~edFcLr - VehcIAngVelln~etnclCrd (VenclZJ)/
Cu iiAlqrtnmfLxeclntz vi;

IF KotatAcchqstrmay <= vehcii.dxF~otatACC

It, (Vehc~tpax~otatAcc / totat~ccRqst;4ag) < AccFkedictr
I rl r- .

Acc,ýeo~ctr := Vet~clmaxtxotatAcc /RotatAcchxqstfrag;

bros4ICorr.rilnptbutterPtrE romrrd4Ptr, AbsAddrA. ADSAddrA,

IF CaicVeflcIHoyTrajC
1.0 * Accd~eoFctr * VelkeaFctL- * Fr*dvelkqst / GuioAIgrtrim~xecIntrvl,
1.0 * Acc,<ede~ctr 4 Vejit<eor'ctr * sioevelkqSt / GuioAigrtnmr..xeclntrvi,
I.0 * Accr~ea~ctr * ve±,keck~ctir * 'urnVeiLtqst / GuicAigrtnrnr.xecintrvlp
Currntl ifie, VehclToLartnlrans,ýatrlxp
VerlcILinVellnVehclCrd, veflcI~ngVeIinVeflclCrc,
venci!ýdyTraj)
111iE,
it. Calcvencl[~eqsTrajsC



VehclbdyTraj, Vehic1~eqs~tts, vencli.egJsCindS,
V etr lclL e ys Ir als)

brds4 1ContmInpt~ufferPtrgroilf~rd4Ptr, AbSAdd4rR. ADSAddr~r*
Ve~hclbdyTraj := VehcltidyTrdj;
Fhrds41Cormtlnptbutter9trf ro"'ndra4Ptr, ArosAdar"* AbsAoriur,
v'ehe1Legslrajs := vernc1Leysirajs;
brds41Con~mlnpt[~utter~tri~roll'bra4Ptr * AbsAoorA. Aoskdts i r 41
Newoata := True

It~ Calc~encli~ay'Lraj
0,3 * AccIhedFctr * Velked~ctz- * t~r~dyikoefqst / (.uiaAlkjrthn,,xec~fltrvl,
6,3 * AccrieoFctr * Ve1kedictr * SioeVelkxqst / GuiaAiqrtnr.6.xeclr~trvl,
0.3 * AcckeiFctr * Velkeectctr * TurnVeltkqst / GuioAlgrtnnrc~xecin~rvl,
Currrnt1 ire, vernc1Totartnlrans,iatrix#
Vehc1LjJinvel~n~enc1Crd, VehCl~jcgVel~nvencjCrd,
V'enclcLaiTraj)
I1 hI k
IF CalcvetrclLeqSTrajs(
Ver~cltdy/Iraj, 'VehclLe-gs.tts, verlcIlegsCrnnos,
VernclLeqsf1rai) 5
T ti E "4
6 KG I W

Brais4 Con., [np ýtHuf ierPtrFroitHrd4Ptr * ADsAdar* * AbsAdcir*
vencluoyl'raj := VehcIBoyTrdJ;
8rea64lCornrnlrptbutierPtrt'ro-lbrd4Htr. ADSAdora * AoSAadTr^,
Ver-cibeystrir~s := VerciLeybTrajs;
erslulint *frt~ot,~aPr AosAdaor. AtsAdcjra.,
ivewoeta := Irue

It Laicvenclb~dyi'raj(
0.1 * Accr~e'iFctr * Veliked~ctz, * rwoVeiz'qst / Gui JAiqrtrarhKxecintrvl,
0.1 * AccrkeaFctr * VeIr~eoF'ctr *Slae'~elhqst / G~icAlgrtnr~rtxecIntrvl,
0.1 * Acckea~ctr * Veli~eor'ct' T urn)Velr~qst / G~uia.Aigrtr,,m-txeclirtrv1,
Currrt-tllrr~e, vehCIloLalvtl] rars.e*t-rxx,
vehclLlnVellirdenciCra, WelicJ.rig'~elinvencj.Cr'J,
Venc1rciylrdj)

IF Calcveniclh-els~frajs C
Vehclrodyl raj, ver"icILegs.Stts, 'VeticLeysCionas,
V eMC 1I~e yslIra~j s)
T ri E:.4
be.Gi r.r

drcdsq Crc.Ir~ tF~ufierPtrFroriirc24Ptr * AbSAdar". Absiidar%'
Vernclbayliisj :=.Veicluoy'frdj;
Hrds4loilntiftrrruiti4P. AUiSAdurý. ALosAdldr'
ver~cILecgslrds := v.enclLegblrdjs;
elds4lCorr~l~nitI~uffertltrFrobi~ro4Ptro AosAdor4, AUS~oj~r%~
tje*Lata := 1true

IF' brds4lConmmInptbutterI~tr~ rutircb4Ptr. AbsAddro. AbsAcadr4. i~e~l)ata



I ri E

b G .1 r.,

RL-P A i

Bz~ds41CornmIdlebutterbUSyr roiiirT~r4Ptr. AbSAddrA :: rue;

It ur rS4lCon~m1diek'ufterk~usyFrogkibrdlPtr AoSAddr^

brds4lCorrir.1aleb~ufterkbusyI ron'i-rd4Ptr. AbSAodr* := False

raroS4 Coorii1 empFhu±Lerietr
tbrds41CornrInptk~ufteri~trFroti~rd4Ptr * AosAdar^;

bros4 H~umnrInp~tbuffere~tri~ro'bro4Ptr, AosAd.rR :^
erc's4 ComnrIdlebu~tterPtrFroi'~bro4k~tr Ar~sAoar^;

eros4 iCor IdletdutterPtrFrojibra4Ptr. AcosAdor^
b ics 4l1Cor fl YIeflip 0 ~±ffe riPtr;

L~ros4 1CourniTerrpi,,utteri-tr :

)'faSq1Corrflrr)ntot~.terk-ýtrF'robLrC.ilPtr. AtosAdor 4 ;

m-rc's4 iCor,.-.Ii[tbitferPtr-rroiilralPtr, AoSAdarA :
t 7 'rds4 1Corrmlulenu± erPtr~ro'o,ýroaPtr * AosAdarr;

vras4 lCon,,i1 iee,5fterPtr~ro-'ocrfl err. AcisAaar4 :
er,(js4 CofrD.'Ieri~ipLutteri~tr;

Ebrds41CornIldletiufterPtrF'roilbtr:14Ptr. Au~sAdar-. AEoSAdder*. liewLoatai :irue;

terds4lConmi-,aleouifterousy~ ron~frdci4Pr. AtsAdcor^ e~talse;

tdroliflOperatioflPtr. AosAdaz^ 1: rue

E~vL;



APPENDIX G

VEHICLE CONTROL COMMUNICATION BOARD PROGRAM LISTING



ML~ijLt. vie IicleSt~ateknoCo1 ri jrinCoTij ,jrtjc at iorII;

PRCP0 VeriicleStateAnciCoiirt dnJCon';-.t'nicatiuon (InpUt, Cutplut);

Pi =j.141b92tb54;

rNeall1Pteger=o3

.ScnnrAi~tst = .ooubtj7;
Scnnri'Cfst =Go

Scrrir~iis = -1; ý

S3etufr its =SrT Aý vits;

SrC k.i

Case irteger L+
c; r ri r ct r : Cha r);
tIL p ItUe L : Se tUt ttS)

I AcCridrinLeg~er-

L Lc'C iar

I; (I lt vc): lrteacr)

Ptlr,.ý id = Atýý Y [C~r2J (it ie
vcla)rc' AmhAY LCr,,; -ur mel

ta9rtor"2i (rEdrthx, Erirtrii, Loyrth7);
PtIrI' srtrCrt ;0-r~ 1ýcartnCiri k R4 ~e- I;

'c In r) rLt, C ru 4 e, Lrr-n C r~ a1 i K~ ke aI

e rc 1 Lr-. (e hc 1A, VeF)C If, v e cI z~
PtIn~ehc1l..rj = AHmAY Lveiic1Crci-,Gr K fe a i
vcln'~erclCrb = k~ikA LVen~clCr~ij LFi iReoi1

Euler ,n -Ies y aw !T rcL1J
u~r iP]er k~n . 1es ;= ýr\Y I 'uiPru,)QlfS j U1, PeadI

iAotdt: urint.ulerAncies;
I las : PtlInCra



Iraris'-,atrix

ikotit : ARR~AY (Crd) Ljf VclnCrci;
Irarns: PtlnCro

'TranSatrixlfte-ier
k~ LC. CR .,

Rotat: ARRAY ICrd) QF ARKAY oCrdJ] Of' integer;
Iratis; ARRAY [Cro) uý Integer

Legs =(Kone, FtLt, ItAEt, Crbt, Crkto kriLt. Prft);

Vencl:)dy~tt

R -, C k; i

v enc1!,'jirajType-

ft~X~-ioy5Stt1dx: Integer;

v e )C I L H 5

PIos~.LfrartflCr I: f-tlntartnCrc

Vencl,,e.jsStts'ytp = A,-6Vtý [LeqsJ (A 'Veric.LegStt;

ý ercli,,P47aj

Litilreý: Real;
Lf~tt-ot: Heal;

PFic~osilnVerhclCrd: F-tlr~ehclCrd;
Cttii.,e: P<eiil;

C-ti1QfWmn: h~edl;

Nxttmr~ilnIartrCrci: PtlnrartrnCro

V en clue '4 rajshec-

fAaxLeQ41 raj lox: lnteqer;
vehc] ije~jlrajs:* AkkAx LO. .Maxi-egirajslnLegtrajsIfecJ C+1 Vehcil~e'.Traj

Vencljegs~irdjs1'ype =Aý,AY [beusi O~F ec er se;

vdenclL~e'Cr~no
ke t.C' . H



IdehcluegCAlncTraj: VefncLegTlr~j

VencluegsmnsCrldiype = AkrAY [Leas) (W VernclLeg~raflC

LUnitV ec~crCompflntegerflnlexe(1~rr =

ARRAY ( elitge~ul.ea~ltgr Of Integer"

5ooleanP'tr

CA~r- Integer UF
0: LAusAddr: I-ooledl);
1; G±~Ador,

SegAdor; integJer)

LirnttvectorCor'p integer 1ndexecIArrtayPtr

CASt-, irteqer uF
0: (ADsivadr; .UnitVectorCoul,p)nteqerfldexec.;Array) 7

1: (CtfAdar,
Sem~ddr; lwoCharlnteqex')

6rosl 4Cor~nbuffer

Scnrnrfc~artnTranS'-,trix: Traosk~trjxlflteger;
Ne*ý,ata; tocolean

(-; (.AosAdar: Ahlrdsli2ConRibr3Uer);

SeaAaar; intej)er)

r~rds 1 ICon rn~ufferPtrPtr

0: (.AosAdar: Ords12Corrit~)urferPtr);

SeqAocr: lnteyerl

t~ros1'4Cop r1'ijter

Cori r)LIirre : Pýeal;
Venclior.~artrnTrans'4attix: 'frailsýdtrix;
v erclLiflVel In VeocjCrd,
Venc1An'qvel invenclCrd; VclnVet'flcCrdl;
VenclLe'gs~tts: vencl~Legs5ttsiype;
Fr dV elk~q st,
SideVe1r~qst,
TurnVe1<qst: Keal;
Vehc1Ue,;sCwrids: Ve~lesr~~sye
hveoueta: ticolean

rirds14-COnl iHutterPtr



CASr. integer OF
0: (AusAadr: aEbrds14Commi~iurter);
1; (CitAdar,

SeqAdar; Integer)

"trdsl1 Co'rrnbu~terPtrPtr

CkSi. integer OF
0: (AtDSAddr,* 4rdsl4Comn'burterPtr);
1; tGttAddr,

SeqAdar: integer)

f~rds4j l'orr (riuffer

Vencl~dyi raj: VehClbdy'lraj'jyL~e
venclijueslrajs: VencjleqsTras 'sype;
iveitut~a; bjoolean

tHros4 lConriiE~ufferPtr
SE Cj k i L)
CASt~ Integer UP'

0; (ADS~ddir: ýBrds4lCorrmburter);
1: CCtfAddr,

SegAciar: integer)
E N U;

8rdS4 1CorrmeutterPtr~'tr
N LCJNo

CA~sc. Irte'4er jF
0I: (AcsAdur: 09rob4lCon~rriduTterPtr);
1; (GttAdclr,

SeqAdor: Integer)
E [~

VAN

Lurrri.Y~har ; Char;
PortCi3yte: cdyte;
iflptSinc,
otpt.Sync: tbooiean;
SyncC!nar I
inptSyncCflar0,
inptSyncCnarl,
In Pt Sy ncCC fa r2,
otptbsyrcCnar: Char;
UumTyr<ecti Keal;
EiCosrOd~~rrayPtr,
E1Sin~rooArrayPtr,
'AzCosr'rod A rray Pt r
A z~inPr ocAr ray Ptr
6,ca n~ U) swAr ravPtr:
Iinit~Iect-crCon~pInteajer indexeJArrdayPtr;
dir ci2lnO pe z a tlo n Ptr,
b~r ci 1 nC p era tio Pt r,
tbrdlirnCperacion~tr: buooleanPtr;
drasli Co..rt ulliptl~utterf LrF ron r3rd iPtr,

t~lrosl12C oir rrloletiuaf fert rr ron'~ira iPtr,



ordsl1 Corr ;iOtPtrlufterPtrt r onrBraiLPtr,
tirosi2Cor.lnpt;ýutterPtrrronrraAPtr,
3rosl2Conrnldle~iufterPLrrron-k~roPtr,
t~ros I2COrtwOtptouf ter PrrrromrroriPtr : bris I 2CorrrT Liu fferPtrPtr;
fir ds I 4Corr mTempi~ufter Ptr : 6rds I Co Iirp~uf ter Ptr;
dras 1 2Corri rI aler uf fer& us ykronHr a 1Ptr ,
t~rosl;4Co'riIolePutferSusyý'rombrd2Ftr: s~ouleanPtr;
6 r as 1'+Con nm n P t 8 t e r Pt r r o r~b rd iHt r,
ord ~ri eltfe~r oiirjýt
e r a & '±C on frC)t p t. u f e r P t.r 'r r 6r et r,
ors4omip~ffri~obdPr
L rasl14Corrr lo le[3ufferPtr~ rorr,,b:ro'Ptr o
'Pros14Corrr.Otpt~ufterPLr~ r0!rrra4Ptr: i8ras14ComaFfutterPtrPtr;
brdsi4Corrilerflýpr4ufterP~r:r 6rds1'*ComrrmutterPtr;
tirosl14Corrrilulet~uf ±erausyý'roi~itrc1Pt~r,,
tHras 1 'CorrplaleHu± fer osyF'rornirri4Ptr: oooleanPtr;
tiirds 41Corri~ flnpt~uf ferPtri~r onBr-d i tr,
oras4lCorr~1ocie-4utterPtr~rorrt~rd't-tr,

erars41Cor..lulptrufferPtrr romora4kPtrt

H~rds4iCorroliOtPtI~ufierPtrr ro rn'.~o~'tr: brdjs41corriitHutterPtrjrtr;
trda4 iCom .1ernp~utjej-Ptr: 6ras4.iConpr"oufferPtr;

L~rds4l1Con,,iIGlebufferF~usyrro~r~br,4Ptr: vuooiean~tr;
Operatinq,40ae: c.har;
Status: Cnar;
CurrntTime: Real;
ve~l[o~rn'a~ý.ti, Transivatr ix;
oaybttlax: integer;
bayStt Ifoxourld: b5oolean;
LaStVehcl~osL)ecqufkrcjrryie.arthiCrd,
;-ex tV enclPos Pequf From -vHfarn
CrntVermcli-os Deo'JtF rumvp' ar tnCy a: LDegUtF ran.;
CrntVehclveluecq~f'r.Irr.AR- iartniCrd:, becjutrra1 7;

VelCalclimeir'trvi: heal;
CrntVeC~cliOt~artn)Transmatrix: 1 rans'matrix;
venclj.,inVellnt;4rtr1Crd,
Vercl.4ngVelln~artrCrd: VclnEart-nCrd;
vercibinvelin~enc1Cro,
VienclAr,-VelinveoclCra; v.cln ~erici~rd;
venc1linjvel.1ntartr)CraCmna,
veflClAngpelinrartrCrocrnnc: Vc~iltartriCru;
venc1., inVel in e'i tcICrajr~ric,,
VenclcAn.VelInvenclCraCn no: dclriivenclCruj;
LegPcslnVehclCrd: V'tlnvencICrcI;
LegsTjaj1OX: ARk4ý ILeQsj OF 1nt~egjer;
LeqovrajIrixFound: isoolean;
bscnfrir'osI rVehclCrd: PtlrnVehclCrc1;
Scnr~r~osl nEarthCrd: PtlnEarthCra;
~Sptott.1tgr: Integer;
Leg ldx,
Legin'iex: Legs;
EartriCrolridex: E~artnCrci;
Cro inuex,
Crdlruexl,
Crdinaex'2: Crd;
Ver~c1Cro1ndex: VernclCrd;
Arraylpoexl,
Arrayirnaex2: integer;



Arrayifluex2TwoCriar: 1,oCfnarlnt~eqer;
\,enclLegsoptbtts: A8PAY LLegjs JF SpL1.ttiype;~

PkUCEDUhE Inkel~e1

VAR RealValue: Real);

FourCnarkeal

CASL Integer OF
0: (LowordLoCoar,

LOwuroiiiCflar,
HiiIrorLoCnar,
HiA~ordHiCnar: Cnar);

VAR

TenpIkealVdlue: I'ourCtrkrieal;

InH~yt CUCCH, PortCf~yte, Ctirctr)

UNTIL (PortCt~yte. Hitbet * [bjLbJ) <> 1j;

1rd~yt (uiColi, Teoip~eal.~alue. Lbo-ordl~oCriarj;

kI- P. L A f

Inhyt (UCCf,, PortCF-yte, Cnrci-r)

0,~411L (r~ortCkbjte. kSit~eL 4 [61L,31) <> Li;

Ind3yt (CO~H, feaipi~ealvalue. Lo~ordt4liondr);

Htq -zA I

Inbyt (i'CCH, PortCbyte, Cfirct-r)

uNIJ'L (Pc-rtCytie, ititzet * [nitb]) <> 1i;

Iribyt (UCbH, vepdal.ue. H~orrdLoCtii);J

FN L P r- A

ligtit (uCCH, PortCt~ytte. Chrct-r)

Urfl-iL (PortCi~yte. bit.~et * L-Hiiibi) <> [J;

inL~yt (0(CsH , refrpkeal value. Hi-IordHiCilar;

FealValue := lernptealvaiue. N<e,1Va1

E I. o ;



Pk0CE)UrXF. InItqrC

VAN~ itorValue; Integer);

'I y Pt;

loioCharltgr

CASr, lnteqer OF
0; (LoCnarf

HiCnir: Cnar);
1: (ItgrVal: lnt~eqer)

V A t

'ierr 1 ltqrVdlue: lw oCnriartgr;

BEG I [.

iF, EP t A I

Iribyt CtoCCH, PortCbi~te. Crircc-r)

LUrolL (P'crtCFryte, Hitbet * Etir-ýJ) <> L1.1

Ini3yt ((,;Cb, lemnpltgrValue. Lot'nar);

HEPEA I

Inbiyt (tUCCH, PortCl~yte. Ctircrr)

thildL (.kPcrtCriyte. 1BjtSet 4 lniit-5) <> LJ;

InHyt (uCdrH, '±empltgrValue. tniChar);

ItqrValue := '±er~pltgrVaiue. JIturVal

PhUCLI)UmE Jn~ooI t.

I YFE.

CneChark300lear,

CA~r- Integer UF*
0: LCrnarVal: Coar);

'len pidocyiValue: une(Tharvoolearf'

BE~GINt



In~yt (vCCýH, PortCbytee CnrCcr)

UNTIL (i-ortC~yte. IHitSet * [hltbi) <> i

Ini8yt (vCoH, ileinp~ooIValueq Cn-drVal);

r6oo1vdlue :~femp,ooolvalue, IioflVal

VAH CnarVdlue: Lhar);

kL Pr-.A f'

In~y't (OCCH, PortCk-,yte, Cnrci.r)

UTil, (certCi-yte. iiit~et *Ltjiit.iJ <> U

Indit CoC8H$, Charvalue)

Pki;,CLiL)U,.d !jut~eal

Foiir(ijarReau.

CASL: integer tiF
0: L Lwvordl~oCnar,

Lov-oroltl Cn'ar,
IHivoraLoCnar,
hiýýarcaMCnar : C(War)

I:(FealVal: iqeal)

VAH

lemi kalValue: FoirCrhdrkeal"

ferrp~eaiadlue, Healval := kealvalue;

F, tý A 't

InF'jt (OCCh, PortCbsyte. CtircLI)

UoTil[ (CortCe'yte. ilitoet * tbitil)) <> Li;



Gut~3yL (UJCAH, Ter~p~ealviue, Lovor1L~oCharJ;

k~'tV ýA i

In)Eyt (OCCH, PortCf~yte,'Cnrct-r)

UNI±IL (PortCByte, E'itSet * lbil-ui) <> L);

Uute-yt (OCAil, 'IempFeaIVdliue, uO~ordid1Cnar);

N~ t;i.P Al'

InH~yt (oCCH, ikortCbyte, CthrCLr)

UNTIL (PortCayt~e. S3itSet [ bjtu]) <> (J;

iu~ttjyt (CCAH', Tempk~ealvalue, Hoi~ordLoCnar);

HerPPA I

lnP'yt CUCCH, PortCiyte, Chrcur)

dNTlL (iortCEyte. bitbet * Lhirl:]) <> LJ;

tLutt~yt tOCAti, Tempkealva1ue, hJ.aoraiiiCnar)

PrUCELPUý. CutltujrC

1*o'C'arityr
k~ C L, i-,

CASt. Ir'teqer oF
(j: (LoCnar,

HiCrnar: Cniar);
1; (Ltgzval: Inteq4er)

E I~

IenrijLq.r~alue: '1-oCriarJt-qr;

lerrvILgrVa1Je. ltor~al ;= 1tgrva3Iue;

JkEP--Al

In~yt (oCCH, 1dortCbytes ChrCLr)

U~tIIL tPcrtCý,yte. bit..eL # lbirc;)) <> Li;

uutt~yt (i:CArl, Ternp.ltgrýiAuie. LoCIh3r);

rLcA I



IriF~yt (CUCCN PortCr~yte. ChrcLr)

UI-4TIL (f~ortCf~yte. Bit~et * (birv)) <> 1j;

autiiyL ((OCAr, Templtgr~value. ILxChar)

E N'h

PkOci.Ljut<ý. C-utdbo1
SoolValue: B~oolean);

1 YPE

CneCrnaroooleai

CAsE integer crP
v: LCnar~a1: Char);
1: (iboo1Val: r~sooleari)

lerir'Pocivalue: uneCn.~rtooleafl;

Terrpt500ivalue. -iooJ.va ;= i~oolyalue;

R t: il Al

lnF~yt (uCCH, PortCuyte, Cnrct.r)

J!tIIL CFortCF'Yte. b3it.et * (bit:',i) <> LI;

LiUtbyt LOCAH, Ternptooi'value, CJmarV&pl)

Pc\LCCL;U)IdF CutChar
CnarValue: Char);

k r, P t, A'i

It-ityt (UCCH-, PortCEyte, Cflrcrr)

0t.iIIL (PcrtCt~yte. E'itSeL £IbtL11) <> 1j;

1-UtrnYt (.OCArI, (Tnar~dlup)

PvUCE[,UF 7rnstrrrPt'ioL~artrCroF~vrV~?c.lTCr
VM~' Ptln~ arth:CrdVar: Ptinr~arthCra;
venclio;-arttf1 rans!-,tT ix: i ransmd~r-rix;



PtinvehclCrdVar: PtlnVenclCrci);

PtlnEartincrdvar rE,-artrhXJ:
v enclI'Orrt rtr an sat r i. ,Rotat. EXJ EXJ * PtlnvehclCrdvar LVehclAI +
venc14lo~artnTransm;etrix. IRotat Eli [Xj * PtlnveinclCravar [Verncli +
vemc1Ior~artilrraris!matrix. R<otat (Z! [A) * Pt~nVernclCrdVar CVermcXZ3
venclioEartnl~ransr~atrix, trans [Xi;

PtInE~drthCrclVar [EartthY] :=
venclToLartn'Trans.-iatrix. reotat Cx X i YJ * f-t~n~Jehc1CrrdVar (VehclX) +
vef~c1ioc_'art1,Trans,.atrix. Rotat [1) EYI * ýtin~verheCrovar [venc~l.' t'
vehcI2oL~artbTrar-,s,,atrix. ,iotat LZJ El] * PtlnVencjCrdvar EvetnclZj +
VenclloriartnTransm.atrix. Trans (xi;

Ptlnk'artrCroVar [EartnZJ :
Vehc11ot~artn-Arans'iatrix. tKotat (XJ IZJ * PtInVenclCzdV~ir (VenclA') +
IvefclCici.'ert.Vrar.smatrix* kotat L IJ [ZJ * PtInVerýClCrd~ar [VeriC1' I)
Venc1!oLart'nTrals~,ar-r~x, t<otLat: ZJI (Z) * ,itirv~enclCroVar L Venc~Z I 1.

PtLJCEi'UýF. I rnsfrnivc'1ovenic1CrdFrL.dI tflCrd
VAk VclnVehclCrdVar: VcInVenc.lCro~;
VenclloILel tnlrarjsatrix;, 'iransp~aLrix;
Vcln~arthCrdVar: vCintEart(nCrd);

b. G IL n,

vc~f)Vehc1LrclVar (venfciX) 4=
v e hc 11o a r t nrr a nsP;a tr ix . Hotat LX I LXJ vclnlartriCrdvar (FarthAi +
Verncliotartn'rrans,'Iatrix. eotat j X L Yj VcInt~ertriCzrioir [Ea~rtni] +
VeflC]JoLartr17ranismatriLx. R~otat f XJ LZ] Vc~nktartnCrovar LP~artinLj;

VclnVehclCrdVar Ivencflj
vehC1for~artn1'rar~s1 ,,a'rixe totat ('xl (A] *vclnEartnCrdvar LFart-nx) +
vencliot~artn~fransmat~rix. txotat [Y) L Y * VclnLartn)Crclvar (E:artnii +
Venc1ioArtn~ransvatrix. reotat L'j EZ) * Vcl cartr)Crovar [Eartnz);

vcInVehc1Craovar IVenclZJ :=
Aiehclioc~rtnTrans',*atrix. kotat LZJ [X) * vcln~artnCrdvar (Eartn)XJ +
V'ehc1joL~artnTraiis'Aatrix. xotat (21 E ] * VcInrarthCrdVar [EarLrY) +
vencllor-artnTransi,'atrjx, eotav. [Zi LZl * vcinr.artnCrdvar [Eartn'4 --

P-<CCEuUjz.E. CalcTraiisiatrixF rop Posi'equtirdmiT.
VA'- 1rarns:.atrixvaj: rrar~sl.atrix;

VAH

Cos'~ax, Sin*~aw,

bEt, j. N



Cos~ao ; Cos (beyutfFrailvar, fRvtat tYa*]);
Sinia* : Sin' (uecqOtFrcja~ar, i,~otat tYa*J)
CosPcro; Cos (iLey~fFrcnVar, Hotat (PcrhJ);
Sinwcri S: in (1 eiOfFrarlVare fkotat [Pctnj);

SjnK<I z Sin 2L~eqGfirr.nVar, fRotat (xllý);

Iran~sNatrlx~ar. Potat [A) EXi : Cos~aw * CosPcn;
Traiis,'atrixvar. kotat [A) tYI : Sirn~aw * Cosrcti;
Trans:,atrixVar. fkotat (A) MZ : sirdpcr;

lrans'eatrixVar. Rotat [Y] (Xi :
CosiaA 6iiiPch 4 SirPkli. - Slrnzd% CostJl;
'Irans&-trlx~ar. fkotat (IJ YJ :

binfa 4 6nPch * Sint8Ul + Cos~tawi *cus'll;

lrdfls.'atrix/ar. hotat ti.) MZ :
(~ ) COSPCh * SrInki±;

frans.-atrlxVar. r~otat LZJ IX) :
CosYa* * SinPch 4~ Coskll + Sinxyavw SirmJ.±;
fransoiatrixvar, Potat EZJ IYJ :
Sin~aA * 6inIPCh * CoSk-~l - Cosya% 6ibn,ýll;
~Trans-.atrixvar, týotat LLJ [ZI :
(* 4) CosPch * Cosp-lI1

'Irans,!atrlx~ar,, rradns L A) . = u e g (jf cra 11Var I ir a rs [j;
'fzars~natrlxVar. Trans ty) I~LeUrra- rans Li);
'frans..a~rlrxvar. ¶lrans (Z) :=~L~o;a.Trans 17I

. L~

PhC~kUk F. Ca IcPosi.eg~fFt rail" romir roiisa tr 1x
VArm UegOtl"TdIiVar: UeaOifF~rqw
ITr a TIS .,a tr ix V a i Ir ar s ma t T 1 x

FiiNCTIU.', ArCTarn2
A value,
ivalve: Peal):
k e aI

t. G C, t

I[ Xvrslue > 0i 0
T -i E ý,
Arcian2l :.= ArCTan (YV~ilue /AValue)
E.A~

Ir XValue < 0,0
I tiE,
Arcian2 := ArcTan (YV~jlue /AValue) + Pi
L S L
ir' YValue > 0,.()
'I o Li

ArcTlacj2 :~Pi / 2,0
E~L S t
Arclai,2 :~-Pi / 2.C0

Ei t.UjI



rieg(Iftrdn var, Rotat [Ya*J := Arc'lan2C
Irans-Iatrixvar9 Rotat [Xi LXJI Transi~atr.1xvar. kotat C)j (yl);

Deg'Jfrrurivar. Potat EPcr,) :=Arclan2C

bqr (IrarsmiatrixVar. I8otat UY) (ZJ) + Sqr (Irar~s~atrixvar, Rotat. (ZJ LZJ,)),
- Trarisriatrixvar, Rotat [,&) LZ4j );

DegufFrori var. IPotat [P.113 := Ar~cian2
hzans atrlx~ar, Ikotat EZJ [Zip , rarsm4atrixvar. i~otat- tY] (Z));

uequti rdrV a r, Trans [A) Trdnsk at r I xVat, I ran s D);
begi~tFrjmVar, Irans Eyj : TranstýatrixVar. lrars (Y);
ueguf~ruflVar. Trans ['d':= Trans",dtrix~Var, 'Irans LZ.j

Oisableinterrupts;

trca2lnOperationPtr, Seoaanor := lb3bo;
vriu2IP)CPe'ratiofl~tr. ritf~our :=

viam4lnG4.eratior'Ptr, Seqglcjr 8 194;
t'rý,4nCperationPtr, Uf~tAcdr :

vrc1InGPeratjon~tr, SeqAour 6194;

kvrullnc4per8LIonPtr, OjiAdcI : 1;

c~ul&r~~ bter~sir~ira2dr 6eyAdor 16 l3fdl;
iiuldoTill~fe~s~o~~QPr UtfA'jar I ;
terasl2CunniiaueBuftert1usyero~iFraler'tr SegAuar .=- b387;
&raisl2Cortn.,dlebiuf er usyfromtriralh~tr, UfiAao)r

brasl2CoTrinIo'.ebufzer~usyI rom7,ralr~tr AosAaorO~ F aise;

brasl12LConfrCtpthiufferPtr~roi1'6rd2Ptr. SegAaui : -~e

t~rosl2Con fltptBufterPtrFrort.*rr(r2ptr, UttfAaar: 8;
braisl2Con.idiebutterPtrFromrc.~r2PLr, SeyAdur : -1b38;

f.-rns 12CcT.>Iajlet~uftierP Lr~rorr-6o2PL r 0 ~f A ua r ~4;
c - TiIr jtrrIon ~ LSeg A(3a r 1~ t)3-
or a s12 C u. .I np t 6 u f er.P tr r r orr cr a 2 PLr UtiAcor ;0
i~rus12CorT~,fCtptf',ýtterPt-rFroir,oract'tr, SegAocir 1: 3 1b V
&rc)612COrr~f(;tptFpufferPtrk'ron~jrd1Prr* COffAaar :8;
Lvrc12Comrr;IdlebufferPtri~romnkrd1Ptr, SegAaar ;= - 9
tr'isiCorr(Idcjek~utterPtrf rorr~tra1*~'rr utfAaar ;=4;
io ns 12C on 'T InP tru f fer Pt r ron- r a I-'trc SeqAodr : I 3 lb 9
v rc s I2Curiij rp tbutf fer Pr-r rorr drdI e Ir . C) I Aoo r :zU

t~r(.j~s2ConflT'ItptbufferFLrFrornbrd2Ptr. AvsAacaro, SegAddr := 81F'5;
b ro s I2C or;.Ct p t 5uf te rP tr F ror. i r J2 P Lr. A ts AaodrA , otff Ar 0;
bras12ConmTIajlebufferPtrFrorr~r1i2k-tr, AosAdcr4, SegAdar 8 1Si3;
bras12Corria,,ieobfterPtriro.,,ro2IPLr, AoSAaar^, CrtAacr:=U
t~a,2oril~~~utrt~orcaPr ADS~auar^ SeqAcar ; ii
L~~sýu~~rptufe~-io~~dFr Aa~sAo~r', CttAcar :
brasl2CcrWi('tp~tbufterPtrFronIHradl-tr, AcsAaar%, SeqAdur := 1391;
E rasl2Co-Tr.CtptBP.ifferPtr~rorr~ordlptr, A~oSadxft, CitAccir =;
ýxasl2Corr~I~IeSufterPtri'ron'dral~tr, AcsAucrA.t SeqAdor :=-16393;



6rslCoyT,~je~fertrroTrd~teAuSAourA, OffAdor: ;
bros12CorrJ7.]nptbufterPtrr'ron~jrd1Ptr. 'AosAaorl, SeqAcar -163

95;
bras I2Conry:Inpthuf ter Ptr eron-bro I Ptrr Aos~.wdr C Of Aor :0;

Erds12Coi~mTIaleF~ufferPtrk'rofrr6ralPt~r AosAadlr. AcsA'icr,% rNewata~: False;

Srdsl4Con~I~dle~ufferL~usy~ro,1bLra~p'tr, 5egAr~dr ::-t:J95;
drasl4CunI-uletbuftertlusy'froir~bra34jLr. UttAcor I;
8rosi4iCon~r~olebufteri~usyro,-iral,'cr. SegAuor :=-8195;
brosi 4CorritIale~uttervusyFrombralPtr * LlftAdar ::

i~rosl4Co~TTýTlae~ufferE~usyi rom~ralp'tr, AbsA~or*ý :: alse;

BraslI'kCon iCtpttvuf terPtrE ronrir4Pur , SeyAdar -~ 8190a
8rosl4Corri.ICtptbufferPtrFroni'~rd4Prr, OttAanr b;
brosl4Corrn.>-lilebuf ±erPtri'ron~tra4P'tr, *SegAaar ;~-819t);
b~ros l4Conpillaleruf terPtr~ron'dra4t-tr, *ftAaar : ~ 4;
ibrdsl4Com-.1ript~ufterF~tr~ rumtrd4p'tr. SeCJAQCr :~-819 0;
mros1,ýCorrInptut~uterPtrFron.B~ro4Prr, ClffAaar :zU;

2rasl4Con nCtpt -ffertr-rr'orrdralPt~r, SegAaur -b197;
bros14CorrrCtptibufferPtriron-3ro1Ptr, OffAaor S ;
brosl4Con~r JaleiutterPtre ron~oraltr. S'egAGcd ; -'0197;
Br(1slqCo~nnlilekbutterPtrý-rorrbraiF~t-r, GffAadjr :4;
zrasl4Coff,,lnptt~ufterPtrFrombira1F'rz- SegAu(,.r :~-b197;
erasl4Corr .Inptr~ufterPtr~rolrbrdl~ltr, OftAoar 1) '4

t'rdsl 4Cwrr'f!Ctpti~ufferw~triroiyr6ra4PLr, A~,sAaorA Seg~odr ::8147;1
rrosl4Cct,-'ptibufferPtrrromrra4*Ptr, ADsAd.jrA, offAdcar : ~ 0;
bras I 4Co~rtiI laebuf ferPt rfromkjra4JL r , A os Aaar 1% SeqAcor :~8107;
brnsl4Comrldle~ufterPtrerorr~br~i4Ptr, AvsAaarA, otfAoar U;
orus14Corn-hlriptt,ufterPtrf'roirrjr4PL1T* AosAoara. SegAaar :~8067;
i~zdsl4Conso.Inlpti-ufterPtre'ronv.-ro4iýr. AvsAoar*. CitAocr :=
8ros, 4Comr:,,Ctptl-urter~trfrortonralPi~r, AvsAoorA * SeqAocr :~-823*7;
orcsIqor~pbffrterptrl~ At~sAdorA, OffAdlar :0;

5ros14CorrTilallet~ufterPtrFroT!rdrdP~rr ArDsAaojrA, Seg~dor : -8277;
tdrosl4Conr,,ýdlet-iutterPtrf~ro~irjjraPer, AosAoorA. C±ffAar :
brsio.- rptu frtrrn.iajr AcsAcor% SegAcar -~ -8317;
vrs4or, ti~utrtFrr:riPr Ac~sAuucr, GtfAdor 0~ ;

bros14Conit1oJ.e~ufterPtrFrornijrd1Pt-r, AvsAoorA. AvsAcarA, Newivata Fz alse;

brus41Con t~iilen-uftert'usyFromnira'wtr, seqAcoor ~-0,316;
brS1o"ceufruyrmr~dr OttAocr I~ ;
t8r-is4l~fi.ýliufruyrirldr ~SegAccr ;:-6318;
bro's'q1CorrUjl-lebufterbusy~ romerdl -itr, OttAuoar:

dr-is4lCorr1,],l~etufter~usyprombrcIletr, ArsAoor*4 :: alse; -

f .ras4lConnpCtptLrufterPtrFron:Brd4Ptr. SegAcir ~-b.31v;
t~ius41CofTr~rttptý-ufterPtri roflari4Pt~r, U±Aaoir :b;
trds4lCo Ildle ufterPtrFromrira4Ptr, SegAddr :~-6319;
brds4lCor,;IloebufterPtr~romoro'±etr, uitAooz : 4;
b~ras'41Cori .IniptbutferPtrFromry3rdj4Pt~r, SegAoor ::-8419;
bros4 lCon i tnrtbuf terPtrI*romurrd'&Ptr r OttAaar 0 ;
Elras4iConT,,Ctptbuf ferPtrk'romrnralPtr.' SegAour :~-b32o;
tbros4lCon iC~pt~ufferPtrk*ron~tralPtr. CitAacr S~ ;
rvrosq±iCorrAcjletiuf ferPtrirorod-rdlPtrr, SegAdar ;~-6320;
ersloalieuirtýri~~a~r OftAaoir: 4
k~u~~f~l pofe~rronri~rllpt-r, SegAaor -i;
bras4lCoyr.Inptb~ufferPtrFrotrirdlt~tr. OttAaor :C;



5cnnr~ros~nvernc1Crd [VehclXJ :=ScnnrXUist;
5cnnrf~osIraVenclCru LVehclii ScrnnrYUtst;
Scnnrt-osIrnvercICro [VehclZJ] :ý cr'nrZutst;

Outo~yt. (OCEji, Cnr ((THCH));
CautLyt LOCEri, Crnr CY5m));

*riteL'n ('mne cowrnunicat~ion port. is ready.');

InptSync FalEdse;
UtptS'jnc Fal~dse;

UtptSyncCniar := Chr (6);

k i: Ph; A f

IF' MOCI Irpt.-Ync

lnir~yt (OCCH1, PortCibyte. Chrc~r);
Ie (PortCbyte, bitSet # (dit5l) <> L)

t3 Gi N.

I1riP5yncChar2 : rtptSyncCr'ar I;
]bI~LSyncCnarl1: ir~ptSyncCtii.ru;
InHyt (UCSH-, i1mptSyncCnar0.;

lnPtSync:
(lript~ynccharz Chr (2)) w~tb
(,.rptbyncCnar1 =Cr~r (1)) UI4AJ

(Inptý>yrcCnr() = Crir (0)))

Ii. u.Gi utpt~yric
i ri Er,
bE~.G i tj

Irif~yt (OCCH, PortCkbyte, Chrctr);
fl (PortCbty'e. oit~Set * lrjituj) <> 11

CtPt~yncCnar := Cnr (Ord (u~tpt~yncCnar)-1;
Gutn'yt (J)CAii, OtptSyncCnar;

~tn~tsync
(utptoyncChar =Ctir (0))

UJ, I1L (inptSync A~jI) (JtptSync);

writeLn ('Corm~unicatlorns are sync'ironizea.');



(* et orW elevatior, proauct arrdys,

k.1CosProd~rrayPtr, Seq.Addr, lntVdlj: - 22539;

LliCos?rodArrayPtr. UtfAadr, LoCndr ;~crr LuuuH);
Lli5V*ProoMrray~trr begAaor, IfltVil : 220,0;
Li!Sln~rookrrayPtr, UftAaor, LoCrndr :~Cnr (uO0rI);

Fujk Arrayindjex2 := (0 TO 31 [JO

BEGIN

Arrayiraex2'iwoCrnare intval := ArrayIndex2;

L.iCosProdsrray~ltr. Ut±Auur, ,IiCoar ;~Arrayinoex2fl~oCflar, LoCriar;

EJ.SirurodArrayPtr. GftAuar. niCnar ;:Arra~yircex2lVoCnar, LoCniar;

Foh~ ArrciyincexJ := -Ikeall1ntegter fL, ReallIntecjer DL
0 EG I P'c

E1CosPrudArrayPtr. Ar~S~ddr' IArreylnuexlJ := 'lrurc
Arrdyinclexi Cos ((-'Ib.G + iArrayjnaexý * bu.U- / .31.0) * P1 / bhO,U));

E1inPr~oArraYPtr. AtVSAiorb tArrayinae~lj := irurcC
Arrdiyincexl * Sin ((-75.(, + Arrayinaex.i * bv.0 / 3.oj * Pi / 1lbQO))

(4 Set Upi azimutti prodluct arrays.

AzCosProdm~rrayPtr, begAcudr. 2nv'.: 1515;
AzCosPrOcnArrayPtr. QftiAonrr. LoCticr := nr Muh~j;

Az-InProom~rrayPtr, SegAcdr. Ilntvdi :=- 2 iO~i3;
Azbinp-rocArrayPtr. uftAaar. LoCnmir :=Ctr L(UO'jh);

FiI+ Arrayirciex2 := 0. Tb 3 1 f; c
m irG 11,4

tArray1r~je.~.21'oCnar. 1nt~.al := Arraylnoexi~;

AZCOS~'rudArrayI-t~r, 'fthdcir. Hi-Cnoz : Arzdylnuex2'1'AoCtvar. L~oCna~r;
AzSinerodArrayPtr, uffAaar. h1Cnal :4 rrayInaex2l~oCo~ar, LoCnar;

hLK Array lnaexJ := -Kieai11nteyer TO Redillr)Leger OC

AzCuserodArrayPtr. Abs~jdrO tArrayIroexl) := lruflc
Arr-iyiriexl * Cos (L4uo0 - AxrrylnroeX2 * do.0j / 31.u) * Pi / )1i0.0));

AzSlni-rod~rrayPtr. AUs~aor'ý tArrayifldexi) := IruncC

Arraiyirjexl Sin (Cqu.0 Array) naex2 b o.Q 31 o) * F! / ]i~)

E bL



( Set up scan Point disiplacenient array@

ScanlPtDiSpArrayPtr, SegAdur, Intval :=-20491;
ScanPtOispArrayPtr. OffAodr. LoCoar :~Crir (UQOH);

FOR Arraylndex2 := 1 TO~ 255 DU

Arrayindex2fooCnare lntVal := Arrayl~ndex2;

ScanPLL)1SPArrayktr* UffAadr, ijiChar := Arraylndex2lwoChar, LoChar;

FuR Arrayindexi := -I~eallinteger TjO kealllnteger uC
6,canPt)iSp'ArraYPtr. AosAddro [Arraylnaexll)
Arrayi~nuexl * ArraylnoeAý blv Keallinteger

i*ritebn ('taoard 1 is in operatimoit.);

61'dllnCperatiorPtr. Absmoacr,* := rdalse;

FijR Leoldx := Ftlit '10 Prkr DJO
tir~s 1 l~r lrptutr tErwrlr A bSAaoroAtS Asdd r.
'venclL~egsCrtios LLeg.LdxJ. bptStt := Support;

wVIilbE ']rue LjU
S r. CI

FoH Crriindexl : X '10 Z LW
KiýX Cralnaex2 A -6 z Lbu
intkeal CVehcil'o~artnlransmatrix, Rotat (CrdlndexlJ LCrdlnaex2j);

FUIP Croinoex := X TV Z D~U
inkeal t.Vencllot;artnTransm1atrix, Trans LcroinoexJ);

FkuN VehclCralndex := VenClA" TOJ VenclZ LiGa
In~eai (VericlLinvelinvenclCra t~enciCraindex]);

FutH lvehciCrjlndJex := Venc.LX 1: VelnclZ Uu
inkeal. (VenclAng~e~lnvenciCra Cvenc2.Craln~aex));

lntmeai (Currlt riple);

FIuR Crdlnuexl X~ Tur Z DJO
ýuN Crdlndex2 :x To1 Z Do
riras12CorTn'1flpt~3ufferPtrf'roiT'rdi Ptr. AvsAaaro. AbSAdjr,*.
ScninrlorartnTrans'natrix. kotat LCrdinaexi.J LCrdlndex2i ;= Purd
Vencijorartoilransi-atrix. eRotat LCrcilnoexi! [Cralndex2] Healihnteoer);

irnstrnkt~t'or-artl1Crd~rVehclCra t~cnnrrosln~artrCro,
VenclIoc~artnjTranst,;atrjix, Q'cnnrI-oslrVetOciCra);

mr(rsl2Conpifllrt[3ufterPtr~ ror'braiPtr, AoSAadr*, AIusAddrA".
5cnnrlcr.artcTrar~steatrix. lrans [XI := RounaC
S.crnfreosInEartmCra [EartflXi * ,;
i'rdsl2Con~ilrir~týutferPtr~romraidjPtr, AbsAdorA, AcsAddrR*.
Scrnricr~cartnTransm1atrix. frans [Y) := Kound(
ScnrnrPos~nEarthCrd (£arttnYI 4 ; )
drdsliCurri 1nptiiufterPtrerorttrtjirPtr, At)SAocr^. ArSAdcjr^.



6crnnriot~artniranso~atrrx. trans ('21 := k~ounaC

bcn~nrt-osInaarr-bCra LLdrtnZJ m*)

k, P L Ai.

kBrdsl 2Cuonrntue~3utferatusyi'ron.'oroPtr. AasAodro :~irue;

le' brjs l2Corrrndleuutferr3usyFronburd2Ptr. ALoSAddr,"

trosl2CoT;nl1etbuffer~usyF rolT~r~drlPtr. AUSAddr4 := e'ase

UdqlIL i~rds12Co ridletbuttereusyr'roniTru1Pt~r. AbsAddr4;

rords I 2CorT nil ¶errPr3uf ferFt r
ijr as I)Con n-I PLfiuf ter PtrfrorT rordIPtr , A risA adr A;

e~ros IA.Irj ipti uf ter Ptre rorrora~jPtr, ADS Ad dr*

bras IeConhoI a I e~uferPt~rr rorfiirdi Ptr, Ao~a4

L-rds I Corri IdIa etiufter Ptre rornrirdi~tr. ADSAod(r4

I'ras6,zCor':ýeri~pbuLf ierPtr :
ý,rds I Co l .I rip tiuterktý,rr rurT tr a iPtr * AE)s A 0 U r

cirds 1 Con gilole~iufferptrFrorn~t~ra/ptr * Aos,"idra;

ciros12(cur.',rrijlebufferPtr~ rornoruiPtr, AU.sMOCar
'r cs 12 Co P ri e rp tiu ft er P Lr

ords 12Co,,,n.I dI eutter~trý ion,6rd j Ptr. Ao,6t~or*.4 AcsAdarA. N'ewuata :=irue;

tv.ras1 ICor .Il-lei5ufteri~usy roiir~ircviPtr, AusAlarO := False;

rird2I;aGPerattonPtr. Ats~iddro := Irve;

I nC ha r ( Lpe r at J gi.mou e;

inCrnar CSyrtcCna'r);

.LF iyicCCrar <> Cr~r (UAAt)

t~ritel~r ('p4* Con~iianicatiun synchronization error **)

-tdtUS ~'LA";

SyncCtnar := Cnr CVAAPj;

'jutCncdr (,iynicCndr);

'irds1 4Co~ainpr~,tb3ufferPtrf rornri~idlPtr, Ar)SAaura. AoS Adir^, Currntliifle :

Cur r nt i .me;

'3rdsl ~tConwIrnptRufferPtrF'roni~rc11Ptr. AnSAaur4. AoSAddr.,



Vehc11&o.arthTransmatrix := VernC1ToEartn rrans~atrix;

bras I4Corn-'aInp~tFufferPtri~ronibralPtr, AcOSAddr". AbsAdu~r,",
Venc1 LinVelInv~enc1Cro := veunciLirnselInvenclcrrI;

brds 1 CorprnInptt-iufferPtrý'romtdrd1Ptr, ADsAaar * ADSAddrA"
'JehclAng .e1linVenClCrd := VenclAnco~eli nvenclCro;

FjHc Lecinoex := FtLt TU Rrkt UC
9 . G I I.

FE';P. VehclCrdlridex := VencXa lu veliclZ V~u
IiiPea1 (LeoPosInVehclCrd [vehclCrdjinoexl);

Tfrnstl mPtlo ~rtrCro~r~ehc1L'rd (
kerds I iCorro I Pthuf fere trFro,,btrdl'tr. Aos Add r" At As4dj~ra
Vehcliegs.¶tts ti~eyqndexJ, r'osJ~niartiiCra,
VeýiclicLartn'Iranspatrix, Lie-gPusjnVel'.cjCrdJ;4

Veric1iaegslrt~tts [LeqlndexJ : SuprzorE

Vetbclbegs.SptStts (LeglndexJ : Trrister;

bras14Comn;JriptEbuf terý,trFro',,)ralPtr. AosAddro. Ao5Aodjr%
VenClje9SSttS [..eglindex). optStt := vehc1LegsSptStt~i LLeginoex]

1rkpal krosI'.CommrnLrwtuffertifrofl;or~ilPtr., 1ALS~ddr,*. AosAudr4.

Inkeai. (brasl1 onIi~,Ifrir'o,4o~r Ao*sAdcir4 At:,SAddr'4.

Ink~ed.l Lbumrnykeal);

irilke.~ (L'rosl14CornfInntburttufer~tr~romtrnbrlPtr, Acs~dar%. AnsAddr%

LiolCrtli~ffruy'o~~~i MbsAcdra := i~rue;

Ir c~rdsl4COrn'111iedufferf3usvFroflt3rd4Ptr * AcsAddr'"
T r4 .,,
14 i CipIlelftruy obdIt AbsAadr'* va aIse

Ulil T 1 ~d1Cmiljeufe~s~of6a*~r AbsAadr"';

brdbil4CoiT,:ier-p:Ftuf ferPtr :
e r asI ý*ComtnI npvtiuf.teri~tr~romtdra IPt r. Ans~cddr;

LeroS 14CoTrrrnptl~ufterPtrrrofi~iralPtr, AcS~Aodr4

t~drcsI .Corra.1-aleL'utterptrFronT.zjra1?tr, ALusAaar*;

Eras 1 ,Comn~.Idle i~fferptr~7ro~i'rira1Ptr, Au.skadr*:
e~ ro s 1 tCor.,:T"Ierptut feri; Lr;



r, r (s ItCom itTer, pfiuf ferpt r
er as 1 4CorrT I nptrufterPtrF rornirc14Ptr , AoS Add r I;

br J,.ComrrrInptr3ufferPtrFromdrdi4Ptr, AvSAadrA :
iBrcs 1 ,C.-on*.!rI j Ieuf ter PtrFroIntrndr4Ptr , A oSA ad r*.

drosIliCorIOle~ufferPtrF'ron~sra4Ptr. AoSAaarA :

m ros I -*Cumrn1nre'pnuf ter Ptr;

zvrci 1C Or-ftI d Iebuf ferPtrFrorijrdlPtr. A bSAdd ro, AO SAdo r. New UaLd :1 rue;

tirosI Cn,,Iueufe ,uyroiPkro1Ptr, ACSAddrft: False;

brC41nCra'tio)n~tr, Ac,,S~aar ; True;

birallrlCperationetr, AOS~aar" ; False;

,;,r1telnr ('Hoa3ra 4 is In operE4Lion.'.);

u~JllL ErdlInDperationiltr, ActsAdar*;

vras41Co'T;nl'jlebuftereusyItrorrrHrolPtr, AcsAd.dr4 :~True;

U.11L tNUT brcis4lComfrnidleIbutf.erbusyFro'ibrd4Ftr. Ar-sAddra;

le' oris 41Corfljr dlebutferbtr~rorrrbrd1PLr. ArDSAddr% . bsAddr%. NevLit~a

P~c Gil.

t-1 5 ~1&~ contm'i ernpHuf terk-tr :
k£rdj~4 ILCoP>1UCtptLiutterP-trFroIll~3rd1Ptr * Au)sAdor4;*

Ercs/4iCorn,.n('tpt~iufterPtrFro-ybrd1 ?tr. Au~sAdorf :
lrds4 ICor~xIl.lee~utteri~trFroili'rca1?tr. Ac~sAdar ̂ ;

~r-lo 41CoflT,,lcleF~ufterLrFro'prc.1?tr. AosAoor4

t rns4 1Conm~e'rprufterPtr :
trcos4 iComrrtpt6,iuterPtrFro't1-v2r4Ptr. AL)s~dajr^;

t~ros4iCoFm il~u~eutteri~triro',,ra4Ptr. AL)sAacr^;

i.roý41Cum;riolebuf ferPtrf ro"16ru4Pt-r. AosAdcro :
~r os41 lCorrir'fempmuft eristr;

t'rc'6'4ConiT.1Qlet~ufferk'trFroi'1brdIPtr'. AbsAdror. AosAodr"*. INewodtd :

urobA1CorT~.Irjiiel5ufferl-usy~romt~rc.11Ptr. AcsAadrA: k'aiSe;

vWitl&I (Aý40 v6iyStt.IdxFoufld) A"Lij



8 ro S4 1C Orr.IJt ptB u f fe r P Lr~r o c3 roIPtr , A b 5Aad rA A bS Add ra V etic ld yT r aj
'maxidy~ttlox) DO

(CurrntTime >=
brsj~'.~~hffrt~o~io~r ArtsAadr". ADSAareirA. Vebc1lidyTraj,
Veflcl.-idyStts Lb'uy~ttldx + 1). TIime)

bay~ttlux := bdy'Sttldlx + 1
EL5L.
tBay~ttIixk'ouna := True;

Cal cPos oe,jufFromP ronlr ans matrixc
LastVencIPosioeqUf~rdrnwE'fEartriCra,
tbrds4lConi~it)tLptEufterF~trp'ronti-i jli~tr, ALjSAddra. Aos~dor,", Vehclooylraj,
Vernc.ltdyStts LE~dy~ttIixJ, veenc1'oartnfranstmatrix);

i8dy~ttldX
brds4lConffrrLtpt~lfferPtrfron brcllPtr. AcsAodr^. AosAfiiro, Vehclbcdy1raj.
, 'Iaxod y ~t t dx

CrntVenclPosueq~fF'rdm,~iR £~dl'trV'%d := LastVerc lPCSUecjutFrd~rn-RlEartLnCrd,;

CrntVenclVeIl~egutrroiri.vf'LdrttCra, R.otat [lax) u 0;;
CrntVen-clve±DecdfFronvtlek.c~artnCrc3. Ko,3 (Fcnij :o,uo
Cir~tker-iclýelC-egJfrrrcAn'dInLarthCro, kkoLdr. (iý11J 0.o
Crnt~erclVeli~eg~firoatRlt.0rtCro. Irans (A)3 016~;
(:rntVenc1velleUefran.,.TtarthCr~j. Tran~s [z) (c;
CrLec~leýfraKra~rCa Trans (Z) 91 J10

E uS r

Calic~osi.egLtFrdmrFro:rfrirns.-iettrix(
i' e XL ~eh cl kos I) e cl~f Fr ci x T tai t hCr ci,
tirci~s4.LCoTiCtptbufLerP~rkrolt~brdlptr. AbsAddrA. AbSAcor~, VehclkbayTraj,
vehcibdcyStts Lt6ay~ttlox + jJ, VelicJIoartnTransftatrix);

(Currntfii;e -

erdis41Comn-,Cjit,tI~utterPtrFros'~erujPtr. AbsAdorA. Avs~adrlk, VefnclocyTraj.
vercIlodyStts [$dyorttidx). fine) /
(cros4lCo~trm~tpttulterPtr~rrc,rrýrd1Ptr. Ab5AcorA. -A~sAadrA, Vei~clL(dyTraj,
Venclbdy~tts L'AuysttIdx + j), ljime-
ir ms 4 1 Cofr~rt'tr, tou fter PtrFrorbrO 1 Ptr., AtrsAdcr^. At)SAd.Ir^. VehcltiayTraj.

Crnt~ec~s~gfrJnA<ra'hrl k otdt (i8xa) ;
Last\~enclosl'egutrrofr-~k)Lart nCrd, hotat [xa;Aj +

Netecese~irmm'~rCa eotar- (YaN)
LaLec~s~qj~rr~vTat-Ca roLdt fiaw)) Intrpltn'rirekatio;
Crntvenc1Posf~eguLfr rorn vTýartr)Crd. t~otat fPcbJ :
Last'ernclPosl~egut~ran*Tr~av'trCrd, io t-at Eicrij +
Nvex tVencI Pos i)ecLf Fron, t(Tr~artrnCra . kotat fiPcnJ -
LdýstVencl~os~egCfroa-AkTt~artnCro. kotat (icrni) *IntrPltnjfinre~atio;

CrntVehclPosfleqotFrmin*RTEarthCra, 'Kotat (k~l) :=
LastVerncl~oscegUtf'rund ~t~av~trCrd. rgotat [rdlj) 4
,ýx~mloie~~o~R~rlCd fkotat ('41) -



L~jr-etc IPo~e(I f rot~kt~rt~r , ar-ta L [?811J) *Intrpltnhijreitatio;
CrnLVerC1j~osDegutF'raým~kT~arLnCro, Trans fxj :
LastVenc1PosL~egjf frd-orl~hTxtr1 Cro, I rans (AJ C
NeXLVenc1Po5D-)qotFrdnovkTdrattCra. 'trans EXJ
LdStVehclPosbegofFrdnv.YWf~arthCra, J'rans [A)) 4 intrpltrVI'imef~atio;
CrntVehC1PosDegJfrlt.%RcTrarttý,Cro, frans Ell~
LastVercIPosbegif~r~,&tývTI,drtnCra, 1rans CI) ~
Neytvehc).po5L~egqfFrn~iavtTrax-rtbCra, Irans U) -

Latecps'q -orivrathCrd. Trans (x1j I nt. pltrn inet. i o;
Crn t Venc IPos begOf Frdin4ki:.~ a r tfCra . Trans (Z]I
LastVehCli'osDeqrtFr.oNTi~Tar-rrCro* Tr ans (Z]
NextVeflcIosL'egufFran,6Rf~ratnCru. trans [Z)
LateceseLfr(iktxt~c Trans CZý) * nftrpltnhi-rneikatir;

.velCaicfimelntrvI :=
Hr ds 4 1Corr-O t;'t tAuff e rPt r~r urdI P t r Aos Add r 0 AS AodT r Vehcl odyllra.
VehclijdyStts L9Jy~ttldx + x.j. lioe-
Cu~r rn Li rr e;

Crr~enclvei)eL)fkrunqv-'t-rtb-Crd. kotat tiaw)
N XLvecIPsDqj c ,i cartrCr, xotat [ Y a w-
CrntveOtdosuegtfrJ) / 'fýeICtr1cri Kiean Crv1;
CrrcvenciveIDec;OtFr~jn,.RTharth)Crj. Rotat (Pcn));
ije)(LvP t en c I Po s Deqt Fr :irr % R I r..a r Tr-,C r . Motdt C P Cr,)
Crtec~s~Pýi~rATciL~o Notat Ircn) ) /VelCalcl ifnelntrv.;
C r nt vernc Iv e IDel 0f i'rot -vktica 't nC r a fkot r- 1I a= t
Next vernclPosbegjfr ran, w-9 'ar h Cra, t<o t at ( hI1 I-
C r c1P e4 rz - ai X otat fkili) VejCalcilme-Intrvl;*
CrnLVernc1velDecufrrix4RrtartnCrd. IrarIS (A) :
dextvenclPosL)eQC±E or At1TcartrCra, Iranis Ex)-
Crtec~s.effrjTk~s~~a Irans CXj) /VeICalcTin-elntrvI;
Crn~t~er~c Ive I )equtr r,)A.i-Tt~art6r ao.I'rans Ex I = j
?NextVehclPosbeq~f erorvowfý-art rCra. T rans [x -

Crteceo,)q~ rwoltiLrl, rans l )) veIeCaIcTineo1ritrvl;
CrLec~l~q~faýktrnr, frans ["I:z
NeXL'ienclPosbeie'ut rr,).rAi'rartrhCrCn. trans C Z)-
CjrtVehchr~osie)eju Frc~vRTaxr-Cra. , 'rans (Z) ) /WeICaicTIRne~ntrvI

C.-lccraris -atrixerorrkosi',egOtFrujn
CrntVerclic'Lartnilranis,>atrix,
Crnt Ver.c h-osI'eq uf FraIT).%ikI~ar tiiCro)

Ver'clutnvel inLar ti)Crat-wnd tLeirtf-XI.
CrntVeniclve1Llecuf Frdry4-ifLartiCro.. Trans LX);
Vetrc1LinVe11nc~artnCrdCpnto -LEErttflYJ :=
Crtec~licfrnk~rt~a irdns 0');
verncIL~inVel14nt-artflCr~cCamic, 0LtcirtnZJ :
C r ntLV e 0c I Ve 1 f)e 1f r'ri I E dr t f Cr o A. rdns (CJ; -

Irnstir~cf'oenci.Crd~rrartnCruj (Venic1linvellnVenc1Cr.djCrinra,
.Cr~ntVeticl~iotartnTrarns,-atrix, VehclLinVellnEartnCrciCrrnnj);

Vehcl MnLjVe1 inVencICrd~ond L VerclX.j :
*CrnrtVercile veQla Fron-i.e f-artinCro. Hotat (Fi I I
VerjcIArqvelln ~enCICrdCanna LVe~ncIYi
Crte~leieu~aT,--~rr~d Kota3t [Pcn) ;
VehclArgVelinvericlCrokci rid LVr~ictZ :=
Crtecvl~qjk~atlatirl kotat [Y8a*];



FUR Legldx := kFtLL '10 KrRt. DtJ

Leg1'rajlcixFouno := Ealse;,
LegSTrajiax LLegIaxJ := 0;

Wri1LFi (NOTi~ eg'irajldx~ouna) AND)
(jLecjsirdjlHrX LLecg1oxi <
brajs4lCuminOtr~tbuffer~trFroiiird1 Ptr, A~sAdoir *, AbSAdarA,
Verncljjegsira)s ELecjldxlo '.dxLeqolrajlax) DcC
IFt
(Corrrit'Tiine >=
bras41Comrn~utpti~ufferPtri'roii~rdl ptr,, AbS~darA, ALSAddr*.,
VemclLeyslrajs LLegiaxJ. VehcJLLeygrajs [Leqstlrajlox [LecJldxJJ. Cttlime)

beasl'raljldx [Legldxj := L~eLuslraj1Gx L~egloxi + I

Legf'raJldxF'ouiid := 'irie;

If tLeys'frajirix LLeaioxJ >
brd6i4lComi,0tptý3ufferPLrFroilbraj Ptr. A~sAddrA. ADsAadr%
VehclLegJs'lrals tLeqlax), lYdxLeoTrd)Iox
I tiF j
L~ec~srajldx [tieglaxj := Nolra)
EL SEi

((Currntrrime >=
8rds4lCo'irnltptbUf ter PtrI~rojiLrd I Ptr . A bs Addr A, A osAda r*
Vehc1Legslrais LLeg.LdxJ, Vericll.eya'rajs LLegslrajldX I.LegldXJJ,
Ltt lin~e)

(Currnt37iTe <
Hros4 1Corr,0trýtt~uferPtrF romlbrolPtr * AosAdar" * Abs~ddrA.
Verncluegs'irajs LLegliox), 'veoI'~jeg*Xrajs LLegs'Irajlux (Leqiax)).
C t t ia e))
Iii E;
LegsTrajldx (LeqldxJ := Noi'raj

E r. U;

E'UR Crdindexl :~X IC Z DO
Fujk Crdlnuex2 X~ x b Z Du
All1- Crntvenc11o~artnlransj1dLrix Vt)
tOutmed1 (!<otaL [CrdlntuexlJ Lcrairnaex2j);

FUH Crdindex := X ILu Z tU
wi'rri Crnt vehclToEarthi'ranss¶aLrlx DO
Outm'ea1 (Irans LCrdiincaexJ);

FOP VehCiCralnrdex := ven~ciX 'U VehclZ Do)
OutKeal (venclblnvejinvenclCroCinno LveflclCralr-idexi );

FuH VehclCrdlndex := VenclX jt) VemclZ Ut)
Uutmeal (VehclAnqVelltnVenclCrdCrTrr~d (VernclCrdlnaexJ );

!Lik Leqidx := f tLt 1:0 Prtht bL)

(Leý4sfrajldx LbegidXi Nol'raj) uk
Cver~cILeqs~ptStts (Legjlaxi = 'Irnsfer.)



bL, G 1IN ~

Outlt-qr Curd (Nul True));

Elrasl4Cor'tiiinpt~sufterPtrý'ron ~rdl~tr. ADSAdoT4.o AuSAlar",

VetbclLegsCrnnds LLegioxi, bptStt := Suipcrt

jutltgr COrd (NOT False));

PrrislCormT]nPtEbufferPtrk ron~kord1Ptrs AOSAddrAo ALvsAddr",

Vef'ClLeqsCflinds LLegldxJ. s pt~tt *='irrisfer

leii LCL (Leqs~raej1ux LLeqldxJ =i'ioiraj)
'I ri E"
b r ds I4C 01'Tr InUivtbu tfe rP tr F rolltir aIp t r. At)s Add r. A o S Ad d r
ýenclL~eqsCmnds LLeglox), VenclLegCn.rdiraj :=
brdis4 1Com.iF-tpit.ut terl~trErorirdliPtr * AosAdar4. Ats :~darA.

venc1legsfrajs LLeqldx]. Venciloegirais LLegslrajli-x [LeglaxJJ;

bros41Cor~r tipt.~tutterPtrF'roil~rdilPtr, AosAdorA. AbSAddrA.
'der,clijegslrajs [LeqldxI. Vt~r)C1Leg'rrajs LLeaslrajlox [Leglcixji UG

Outt~eal CCttTIrre);

Ou~tqedl CPltTine);

F L1k Vencl Cralnciex := Ven~ciX TU Ver'c1Z fC:
fOut~eal (PlcPosin,~eoc1Cru 1~en'clCralndexJ);

Outý<eal (.;Xt~riont~artnCrd LtartnCrolnciexJ)

ELS

Brdi4ltnr4eratiuriPtr. AtosAddr4 F~ alse

E i
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FORCES ON SPOOL



H-1

FORCES ON SPOOL

Moving Forces

Spring Force

F start = KAX = 88 lb/in (0.258 in) = 22 lbf

F finish = KAX = 88 lb/in (0.883 in) = 78 lbf

Rod Area Differential 2d2 T(0.25 in)2

F = PA A d- 4 =20.0 in2

F max = 4000 psi (0.05 in 2) 220 lbf

F min = 100 psi (0.05 in 2 ) = 6 lbf

Opposing Forces

Seal Force (from two components)

F seal = F compression + F pressure = moving force on seal

F compression = 1.5 lb/in (0.25 in ) = 1.2 lbf

F pressure (4500) = 70 lb/in (400045 )(0.375 in)2s(.785) 11.6 lbf30 psi)0 35 i ) .8 )=1 . Ib

(100) = 0.25 lbf

Static Friction is approximately 3 times moving friction

F seal moving = 1.5 lbf @ 100 psi

= 12.8 lbf @ 4500 psi

F seal static = 4.5 lbf @ 100 psi

= 38.4 lbf @ 4500 psi

Hydraulic Drag Forces

F hyd. Drag = APA A = (1.0 in) 2 (.785) - .785 in 2



H-2

A P is a function of flow and hole size. For the spools there

are six 11/64-inch holes used for moving fluid. The flow is the volume

of fluid moved in the valve shift time.

Q = (0.785 in 2 )(0.625 in)/0.01 sec = 49 in 3 /sec

= 12.7 GPM

We can find the pressure drop by looking at flow through ori-

fice charts

A P = 13 psi

F hyd. Drag = (13 psi)(0.785) = 10.2 lbf

Since this force is proportional to Q2 then this would be
the worst case because we assumed a 10 msec shift time instead of 50

msec, the actual force would be much lower.
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